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(57) ABSTRACT 


A garment worn by a wearer has an impact absorbing 
material comprising arrays of various hexagonal or other 
deformable polygonal-shaped structures positioned between 
an exterior surface and an interior surface. When force is 
applied to the exterior surface, the structures of the impact 
absorbing materials deform (e.g., buckle) in a desired man- 
ner, reducing the force received by the interior surface. 
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IMPACT ABSORBING STRUCTURES FOR 
ATHLETIC HELMET 


CROSS-REFERENCE TO RELATED 
APPLICATIONS 


[0001] This application is a continuation of U.S. patent 
application Ser. No. 15/644,756, entitled “Laterally Sup- 
ported Filaments,” filed on Jul. 8, 2017, which is a continu- 
ation-in-part application of U.S. patent application Ser. No. 
15/399,034 entitled “Impact Absorbing Structures for Ath- 
letic Helmet,” filed Jan. 5, 2017, which claims the benefit of 
U.S. Provisional Application No. 62/276,793 entitled 
“Impact Absorbing Structures for Athletic Helmet,” filed 
Jan. 8, 2016, the disclosures of which are both incorporated 
by reference herein in their entireties. 


TECHNICAL FIELD 


[0002] The present invention relates to devices, systems 
and methods for improving protective clothing such as 
helmets and protective headgear, including improvements in 
impact absorbing structures and materials to reduce the 
deleterious effects of impacts between the wearer and other 
objects. In various embodiments, improved filament arrays 
are disclosed that can reduce acceleration/deceleration and/ 
or disperse impact forces on a protected item, such as a 
wearer. Various designs include modular, semi-custom or 
customized components that can be assembled and/or inte- 
grated into new and/or existing protective clothing designs 
for use in all types of wearer activities (1.е., sports, military, 
equestrian, etc.). 


BACKGROUND 


[0003] Impact absorbing structures can be integrated into 
protective clothing or other structures to desirably prevent 
and/or reduce the effect of collisions between stationary 
and/or moving objects. For example, an athletic helmet 
typically protects a skull and various other anatomical 
regions of the wearer from collisions with the ground, 
equipment, other players and/or other stationary and/or 
moving objects, while body pads and/or other protective 
clothing seeks to protect other anatomical regions. Helmets 
are typically designed with the primary goal of preventing 
traumatic skull fractures and other blunt trauma, while body 
pads and ballistic armors are primarily designed to cushion 
blows to other anatomical regions and/or prevent/resist body 
penetration by high velocity objects such as bullets and/or 
shell fragments. Some protective clothing designs primarily 
seek to reduce the effects of blunt trauma associated with 
impacts, while other designs primarily seek to prevent 
and/or reduce “sharp force” or penetration trauma, including 
trauma due to the penetration of objects such as bullets, 
knives and/or shell fragments into a wearer’s body. In many 
cases, a protective clothing design will seek to protect a 
wearer from both blunt and sharp force injuries, which often 
involves balancing of a variety of competing needs includ- 
ing weight, flexibility, breathability, comfort and utility (as 
well as many other considerations). 

[0004] For example, a helmet will generally include a 
hard, rounded shell with cushioning inside the shell (and 
typically also includes a retention system to maintain the 
helmet in contact with the wearer’s head). When another 
object collides with the helmet, the rounded shape desirably 
deflects at least some of the force tangentially, while the hard 
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shell desirably protects against object penetration and/or 
distributes some amount of the impact forces over a wider 
area of the head. The impact absorbing structures, which 
typically contact both the inner surface of the helmet shell 
and an outer surface of the wearer’s head, then transmits this 
impact force (at varying levels) to the wearer’s head, which 
may involve direct contact between the hard shell and the 
head for higher impact forces. 


[0005] А wide variety of impact absorbing structures have 
been utilized over the millennia, including natural materials 
such as leathers, animal furs, fabrics and plant fibers. Impact 
absorbing structures have also commonly incorporated flex- 
ible membranes, bladders, balloons, bags, sacks and/or other 
structures containing air, other gases and/or fluids. In more 
recent decades, the advent of advanced polymers and foam- 
ing technologies has given rise to the use of artificial 
materials such as polymer foams as preferred cushion mate- 
rials, with a wide variety of such materials to choose from, 
including ethyl vinyl acetate (EVA) foam, polyurethane 
(PU) foam, thermoplastic polyurethane (TPU) foam, light- 
weight foamed EVA, EVA-bound blends and a variety of 
proprietary foam blends and/or biodegradable foams, as well 
as open and/or closed cell configurations thereof. 


[0006] While polymer foams can be extremely useful as 
cushioning structures, there are various aspects of polymer 
foams that can limit their usefulness in many impact- 
absorption applications. Polymer foams can have open- or 
closed-cell structures, with their mechanical properties 
dependent on their structure and the type of polymer of 
which the cells are made. For open-cell foams, the mecha- 
nisms of cell edge and micro-wall deformations are also 
major contributors to the mechanical properties of the foam, 
while closed cell mechanical properties are also typically 
affected by the pressure of gases or other substance(s) 
present in the cells. Because polymer foams are made up of 
a solid (polymer) and gas (blowing agent) phase mixed 
together to form a foam, the dispersion, shape and/or direc- 
tionality of the resulting foam cells are typically irregular 
and fairly random, which causes the foam to provide a 
uniform (i.e. non-directionally dependent) response to 
multi-axial loading. While useful from a general “cushion- 
ing" and global “force absorption” perspective, this uniform 
response can greatly increase the challenge of “tailoring” a 
polymer foam to provide a desired response to an impact 
force coming from different loading directions. Stated in 
another way, it is often difficult to alter a foam's response in 
one loading mode (for example, altering the foam's resis- 
tance to axial compression) without also significantly alter- 
ing its response to other loading modes (i.e., the foam's 
resistance to lateral shear forces). 


[0007] The uniform, multi-axial response of polymer 
foams can negatively affect their usefulness in a variety of 
protective garment applications. For example, some helmet 
designs incorporating thick foam compression layers have 
been successful at preventing skull fractures from direct 
axial impacts, but these thick foam layers have been less 
than successful in protecting the wearer's anatomy from 
lateral and/or rotational impacts (and can also allow a 
significant degree of concussive impacts to occur). While 
softening the foam layers could render the foam more 
responsive to lateral and/or rotational impacts, this change 
could also reduce the compressive response of the foam 
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layer, potentially rendering the helmet unable to protect the 
wearer from impact induced trauma and/or additional brain 
concussions. 

[0008] The balancing of force response needs becomes 
especially true where the thickness of a given compressive 
foam layer is limited by the cushioning space available in the 
protective garment, such as between an inner helmet surface 
and an outer surface of a wearer’s skull. In many applica- 
tions, it is desirous to minimize helmet size and/or weight, 
which can require a limited foam layer thickness and/or 
reduced weight foam layer which may be unable to protect 
the wearer from various impact induced brain concussions. 
A concussion can occur when the skull changes velocity 
rapidly relative to the enclosed brain and cerebrospinal fluid. 
The resulting collision between the brain and the inner 
surface of the skull in various helmet designs can result in 
a brain injury with neurological symptoms such as memory 
loss. Although the cerebrospinal fluid desirably cushions the 
brain from small forces, the fluid may not be capable of 
absorbing all of the energy from collisions that arise in 
sports such as football, hockey, skiing, and biking. Even 
where the helmet design may include sufficient foam cush- 
ioning to dissipate some energy absorbed by the hard shell 
from being transmitted directly to and injuring the wearer, 
this cushioning is often insufficient to prevent concussions 
from very violent collisions or from the cumulative effects 
of many lower velocity collisions. 


SUMMARY 


[0009] Various aspects of the present invention include the 
realization of a need for improved impact absorbing struc- 
tures, including custom or semi-custom laterally supported 
buckling structures and/or various types of macroscopic 
support structures for replacing and/or augmenting various 
impact absorbing structures within helmets, footwear and 
other protective clothing. In various embodiments, the incor- 
poration of specific designs and configurations of support 
elements can significantly improve the performance, 
strength, utility and/or usability of the impact absorbing 
structure, can reduce structure weight and/or enable or 
facilitate the use of materials in impact absorbing structures 
that were heretofore useless, suboptimal and/or marginally 
useful in existing designs. 

[0010] In various embodiments, an impact absorbing 
structure can comprise an array of longitudinally-extending 
vertical filaments, columns and/or other buckling structures 
attached to a first face sheet, with each vertical filament 
incorporating a wall, web or thin sheet of material extending 
laterally to at least one adjacent filament. In various embodi- 
ments, the extending lateral walls can be thinner than the 
diameter of the vertical filaments, with the lateral walls 
desirably acting as reinforcing members and/or “lateral 
buckling sheets” that can inhibit buckling, bending and/or 
other deformation of some portion of the vertical filaments 
in one or more desired manners. By incorporating lateral 
walls between the vertical filaments of the impact absorbing 
array, the individual vertical filaments can potentially be 
reduced in diameter and/or spaced further apart to create an 
impact absorbing array of laterally reinforced vertical fila- 
ments having an equivalent compressive response to that of 
a larger diameter and/or higher density array of unsupported 
vertical filaments. Moreover, in various embodiments the 
response of the array to lateral and/or torsional loading can 
be effectively “uncoupled” from its axial loading response to 
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varying degrees, with the axial loading response primarily 
dependent upon the diameter, density and/or spacing of the 
vertical filaments in the array and the lateral/torsional load- 
ing response dependent upon the orientation, location and/or 
thicknesses of the lateral walls. 


[0011] In various exemplary embodiments, an impact 
absorbing array can incorporate an array of vertically ori- 
ented filaments incorporating lateral walls positioned in a 
“repeated polygon” structural element configuration, in 
which the lateral walls between filaments are primarily 
arranged to extend in repeating geometric patterns, such as 
triangles, squares, pentagons, hexagons, septagons, octa- 
gons, nonagons and/or decagons. In various other embodi- 
ments, the lateral walls may be arranged in one or more 
repeated geometric configurations, such as parallel or con- 
verging/diverging lines, crisscrossing figures, cross-hatches, 
plus signs, curved lines, asterisks, etc. In other embodi- 
ments, various combinations thereof, including non-re- 
peated configurations and/or outlier connections in repeating 
arrays (i.e., including connections to filaments at the edge of 
an impact absorbing array or filament bed) can be utilized. 


[0012] In one exemplary embodiment, an impact absorb- 
ing structure can be created wherein filaments in the verti- 
cally orientated filament array are connected by lateral walls 
positioned in a hexagonal polygonal configuration. In one 
exemplary embodiment, each filament can be connected by 
lateral walls to two adjacent filaments, with an approxi- 
mately 120-degree separation angle between the two lateral 
walls connecting to each filament, leading to a surprisingly 
stable array configuration that can optionally obviate the 
need and/or desire for a second face sheet proximate to an 
upper end of the filaments of the array. The absence of a 
second face sheet on the array can greatly facilitate manu- 
facture of the array using a variety of manufacturing meth- 
ods, including low-cost and/or high throughout manufacture 
by injection molding, compression molding, casting, trans- 
fer molding, thermoforming, blow molding and/or vacuum 
forming. If desired, the first face sheet (i.e., the lower face 
sheet) can be pierced, holed, webbed, latticed and/or other- 
wise perforated, which may further reduce weight and/or 
material density of the face sheet (and weight/density of the 
overall array) as well as facilitate bending, curving, shaping 
and/or other flexibility of the array at room temperatures to 
accommodate curved, spherical and/or irregularly shaped 
regions such as the inside surface of a helmet and/or within 
flexible clothing. Such flexible arrays can also reduce manu- 
facturing costs, as they can be manufactured in large quan- 
tities in a flat-plane configuration and then subsequently cut 
and bent or otherwise shaped into a wide variety of desired 
shapes. 


[0013] The incorporation of lateral walls in the filament 
bed, which can desirably allow a commensurate reduction in 
the diameter of the filaments and/or an as increased filament 
spacing, can also greatly reduce the height at which the array 
will “bottom out” under compressive and/or axial loading, 
which can occur when the filament columns of the array 
have completely buckled and/or collapsed (1.е., the array 15 
“fully compressed”), and the collapsed filament material and 
bent wall materials can fold and “pile up” to form a 
relatively solid layer of material resisting further compres- 
sive loading. As compared to an impact absorbing array of 
conventional columnar filament design, an improved impact 
absorbing array incorporating lateral walls can be reduced to 
half as tall (1.e., 50% of the offset) as the conventional array, 
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yet provide the same or equivalent impact absorbing per- 
formance, including providing an equivalent total amount of 
layer deflection to that allowed by the conventional filament 
array. Specifically, where a traditional 1 inch tall filament 
column array may compress 2 inch before “bottoming out” 
(as the filament bed becomes fully compressed at 0.5 inches 
height), one exemplary embodiment of an improved fila- 
ment array incorporating lateral wall support that is 0.7 
inches tall can compress У2 inch before bottoming out (as the 
filament bed becomes fully compressed at 0.25 inches 
height). This arrangement provides for equivalent and/or 
improved axial array performance in a reduced profile or 
“offset” as compared to the traditional filament array design. 
[0014] In various embodiments, an improved impact 
absorbing array can incorporate various “draft” or tapered 
features, which can facilitate removal of the filaments and 
wall structures from an injection mold or other manufactur- 
ing equipment as well as potentially improve the perfor- 
mance of the array. In one exemplary embodiment incorpo- 
rating a hexagonal wall/filament configuration, the outer and 
inner walls of the hexagonal elements (and/or the outer and 
inner walls of the filaments) may be slightly canted and/or 
tapered to facilitate ejection of the array from the mold. In 
various embodiments, the walls and/or filaments will desir- 
ably include at least 0.5 degrees of draft on all vertical faces, 
which may more desirably be increased to 2 to 3 degrees or 
greater for various components. In various alternative 
embodiments, a tapered form for the wall/filament configu- 
ration (i.e., the polygonal elements) could include frustum 
forms for such elements (1.е., the portion of a solid—such as 
a cone or pyramid—that lies between one or two parallel 
planes cutting it), including circular, oval, triangular, square, 
pentagonal, hexagonal, septagonal and octagonal frustum 
forms. 


[0015] In various embodiments, the improved impact 
absorbing structures may be customized and retrofitted into 
one or more commercially available helmets, footwear and/ 
or other protective clothing. Various specifications (e.g., 
mechanical characteristics, behavioral characteristics, the 
configuration profile, fit and/or aesthetics) can be provided 
to customize or semi-customize the impact absorbing struc- 
tures. If desired, the original liner or material layers can be 
removed from the commercially available helmet, footwear, 
and/or protective equipment, and replaced with the custom- 
ized impact absorbing structures described herein. 

[0016] In various embodiments, a helmet can include one 
or more generally concentric shells, with an improved 
impact absorbing structure positioned proximate to an inner 
surface of at least one shell. Where more than one shell is 
provided, the impact absorbing structure may be disposed 
between shells. If provided, an inner shell may be somewhat 
rigid to protect against skull fracture and the outer shell may 
also somewhat rigid to spread impact forces over a wider 
area of the impact absorbing structures positioned inside the 
outer shell, or the outer shell may be more flexible such that 
impact forces locally deform the outer shell to transmit 
forces to a smaller, more localized section of the impact 
absorbing structures positioned inside the outer shell. 
[0017] In various embodiments, improved impact absorb- 
ing structures can be secured between generally concentric 
shells and desirably have sufficient strength to resist forces 
from mild collisions. However, the impact absorbing struc- 
tures will also desirably undergo deformation (e.g., buck- 
ling) when subjected to forces from a sufficiently strong 
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impact force. As a result of this deformation, the impact 
absorbing structures desirably attenuate and/or reduce the 
peak force transmitted from the outer shell to the inner shell, 
thereby desirably reducing forces on the wearer’s skull and 
brain. The impact absorbing structures may also allow the 
outer shell to move independently of the inner shell in a 
variety of planes or directions. Thus, impact absorbing 
structures can greatly reduce the incidence and severity of 
concussions or other injuries as a result of sports and other 
activities. When the outer and inner shell move indepen- 
dently from one another, rotational acceleration, which 
contributes to concussions, may also be reduced. 

[0018] The impact absorbing structures may include 
improved impact absorbing members mechanically secured 
between the outer shell and the inner shell, and/or between 
the outer shell and skull (i.e., head) of the wearer. In one 
example embodiment, an improved impact absorbing mem- 
ber can comprise an array of columns or filaments having 
one end secured to an outer shell, with laterally supporting 
walls extending between adjacent columns (which could 
optionally include an opposite end of the columns secured to 
the inner shell). In an alternative embodiment, an improved 
impact absorbing member can comprise an array of columns 
having one end secured to an inner shell, with laterally 
supporting walls extending between adjacent columns 
(which could optionally include an opposite end of the 
columns secured or not secured to the outer shell). 

[0019] In various embodiments, an improved impact 
absorbing member includes a plurality of vertical filaments 
joined by connecting walls or sheets to form a branched, 
closed and/or open polygonal shape, or various combina- 
tions thereof in a single array. By varying the length, width, 
and attachment angles of the filaments, the axial impact 
performance can desirably be altered, while varying the 
length, width, and attachment angles of the walls or sheets 
can desirably alter the lateral and/or torsional impact per- 
formance of the array. In various embodiments, the helmet 
manufacturer can control the threshold amounts and/or 
directions of force that results in filament/wall deformation 
and ultimate helmet performance. 


[0020] In various embodiments, the improved impact 
absorbing structure may be secured to only one ofthe shells. 
When deformation occurs, the impact absorbing structure 
can contact an opposite shell or an impact absorbing struc- 
ture secured to the opposite shell. Once the impact absorbing 
structure makes contact, the overall stiffness of the helmet 
may increase, and the impact absorbing structure desirably 
deforms to absorb energy. For example, ends of intersecting 
arches, bristles, or jacks could be attached to the inner shell, 
the outer shell, or both. 

[0021] The impact absorbing structures may also be 
packed between the inner and outer shells without neces- 
sarily being secured to either the inner shell or outer shell. 
The space between the impact absorbing structures may be 
filled with air or a cushioning material (e.g., foam) that 
further absorbs energy and prevents the impact absorbing 
structures from rattling if they are not secured to either shell. 
The packed arrangement of the impact absorbing structures 
can potentially simplify manufacturing without reducing the 
overall effectiveness of the helmet. If desired, such impact 
absorbing elements could be manufactured individually 
using a variety of techniques, including by extrusion, and 
then the elements could be subsequently assembled into 
arrays. 
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[0022] The helmet may include modular rows to facilitate 
manufacturing. A modular row can include an inner surface, 
an outer surface, and impact absorbing structures positioned 
between the inner and outer surfaces. A modular row can be 
relatively thin and/or flat compared to the assembled helmet, 
which may reduce the complexity of forming the impact 
absorbing structures between the modular row’s inner and 
outer surfaces. For example, the modular rows may be 
formed by injection molding, extrusions, fusible core injec- 
tion molding, or a lost wax process, techniques which may 
not be feasible for molding the entire impact absorbing 
structures in its final form. When assembled, the inner 
surfaces of the modular rows may form part of the inner 
shell, and the outer surfaces of the modular rows may form 
part of the outer shell. Alternatively or additionally, the 
modular rows may be assembled between an innermost shell 
and an outermost shell that laterally secure the modular rows 
and radially contain them. Alternatively or additionally, 
adjacent rows may be laterally secured to each other. 


BRIEF DESCRIPTION OF THE DRAWINGS 


[0023] FIG. 1 is a perspective view of an assembly of 
impact absorbing structures formed from modular rows, in 
accordance with an embodiment; 

[0024] FIG. 2 is a perspective view of a modular row, in 
accordance with an embodiment; 

[0025] FIG. 3 is a perspective view of a modular row, in 
accordance with an embodiment; 

[0026] FIG. 4 is a plan view of an impact absorbing 
member having a branched shape, in accordance with an 
embodiment; 

[0027] FIG. 5A is a perspective view of impact absorbing 
structures including intersecting arches, in accordance with 
an embodiment; 

[0028] FIG. 5B is a perspective view of an opposing 
arrangement of the impact absorbing structures of FIG. 5A, 
in accordance with an embodiment; 

[0029] FIG. 5C is a perspective view of impact absorbing 
structures including intersecting arches connected by a col- 
umn, in accordance with an embodiment; 

[0030] FIG. 6A is a cross-sectional view of a helmet 
including impact absorbing structures having a spherical 
wireframe shape, in accordance with an embodiment; 
[0031] FIG. 6B is a plan view of an impact absorbing 
structure included in the helmet of FIG. 6A, in accordance 
with an embodiment; 

[0032] FIG. 6C is a perspective view of an impact absorb- 
ing structure included in the helmet of FIG. 6A, in accor- 
dance with an embodiment; 

[0033] FIG. 7A is a cross-sectional view of a helmet 
including impact absorbing structures having a jack shape, 
in accordance with an embodiment; 

[0034] FIG. 7B is a plan view of an impact absorbing 
structure included in the helmet of FIG. 7A, in accordance 
with an embodiment; 

[0035] FIG. 7C is a perspective view of an impact absorb- 
ing structure included in the helmet of FIG. 7A, in accor- 
dance with an embodiment; 

[0036] FIG. 8A is a cross-sectional view of a helmet 
including impact absorbing structures having a bristle shape, 
in accordance with an embodiment; 

[0037] FIG. 8B is a cross-sectional view of an impact 
absorbing structure included in the helmet of FIG. 8A, in 
accordance with an embodiment; 
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[0038] FIG. 8C is a perspective view of an impact absorb- 
ing structure included in the helmet of FIG. 8A, in accor- 
dance with an embodiment; 

[0039] FIG. 9 is a perspective view of an embodiment of 
an impact absorbing structure having a conical structure, in 
accordance with an embodiment; 

[0040] FIG. 10 is a perspective view of an embodiment of 
an impact absorbing structure having a base portion and 
angled support portions, in accordance with an embodiment; 
[0041] FIG. 11 is a perspective view of an embodiment of 
an impact absorbing structure having a cylindrical member 
coupled to multiple planar surfaces, in accordance with an 
embodiment; 

[0042] FIG. 12 is a perspective view of an embodiment of 
an impact absorbing structure having a base portion to which 
multiple supplemental portions are coupled, in accordance 
with an embodiment; 

[0043] FIG. 13A is a perspective view of an embodiment 
of a conical impact absorbing structure, in accordance with 
an embodiment; 

[0044] FIG. 13B is a cross-sectional view of an alternative 
impact absorbing structure, in accordance with an embodi- 
ment; 

[0045] FIG. 14 is a side view of an impact absorbing 
structure having arched structures, in accordance with an 
embodiment; 

[0046] FIG. 15 is a perspective and cross-sectional view of 
an embodiment of an impact absorbing structure comprising 
a cylindrical structure enclosing a conical structure, in 
accordance with an embodiment; 

[0047] FIG. 16 is a perspective view of an impact absorb- 
ing structure, in accordance with an embodiment; 

[0048] FIGS. 17A through 17C show perspective views of 
impact absorbing structures comprising connected support 
members, in accordance with an embodiment; 

[0049] FIGS. 18 through 20 show example structural 
groups including multiple support members positioned rela- 
tive to each other with different support members coupled to 
each other by connecting members, in accordance with an 
embodiment; 

[0050] FIG. 21A depicts another exemplary embodiment 
of an improved impact absorbing element comprising a 
plurality of filaments interconnected by laterally positioned 
walls or sheets in a hexagonal configuration; 

[0051] FIG. 21B depicts an alternative embodiment of an 
improved hexagonal impact absorbing element, with differ- 
ing sized walls between filaments; 

[0052] FIG. 21C depicts another alternative embodiment 
of an improved hexagonal impact absorbing element, with 
non-symmetrical arrangement of the filaments and walls; 
[0053] | FIG. 22A depicts a side view of a portion of an 
array element, showing an exemplary pair of filaments 
connected by a lateral wall and lower face sheet; 

[0054] FIG. 22B depicts a top plan view of the array 
element portion of FIG. 22A with some exemplary buckling 
constraints identified; 

[0055] FIG. 22C depicts a top plan view of an exemplary 
hexagonal element with some exemplary buckling con- 
straints identified; 

[0056] FIG. 22D depicts a perspective view of another 
embodiment of a hexagonal impact absorbing element, with 
an exemplary potential mechanical behavior of one filament 
element undergoing progressive buckling depicted in a 
simplified format; 
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[0057] FIG. 23A depicts alternative embodiments of hex- 
agonal elements incorporating thinner or thicker filament 
diameters; 

[0058] FIG. 23B depicts a cross-sectional portion of an 
exemplary hexagonal element, identifying some of the struc- 
tural features, alignments and/or dimensions that could be 
altered to tune or tailor the element to a desired performance; 
[0059] FIG. 24 depicts a top plan view of another embodi- 
ment of a hexagonal impact absorbing element incorporating 
lateral walls of differing thicknesses in the same element; 
[0060] FIG. 25A depicts a perspective view of one 
embodiment of an impact absorbing array incorporating 
closed polygonal elements, including hexagonal elements 
and square elements; 

[0061] FIG. 25B is a simplified top plan view of the 
impact absorbing array and lower face sheet of FIG. 25A; 
[0062] FIG. 25C is a bottom perspective view of the 
pierced lower face sheet and associated impact absorbing 
array of FIG. 25A; 

[0063] FIGS. 25D and 25E are top and bottom perspective 
views of another alternative embodiment of an impact 
absorbing array, with hexagonal elements connected to a 
lower face sheet and the lower face sheet is perforated by 
generally hexagonal openings underneath the hexagonal 
elements and square holes positioned between the hexagonal 
elements; 

[0064] FIG. 26A depicts an alternative embodiment of an 
impact absorbing array comprising a plurality of hexagonal 
elements in a generally repeating symmetrical arrangement; 
[0065] FIG. 26B depicts how elements of the impact 
absorbing array of FIG. 26A can be redistributed to accom- 
modate bending of the lower face sheet; 

[0066] FIGS. 26C and 26D depict how bending of the face 
sheet of the impact absorbing array of FIG. 26A in different 
directions and array orientation can affect element density 
and/or alignment; 

[0067] FIG. 27A depicts a perspective view of another 
alternative embodiment of a hexagonal impact absorbing 
element which incorporates an upper ridge feature; 

[0068] FIG. 27B depicts a cross-sectional view of the 
hexagonal impact absorbing element of FIG. 27A; 

[0069] FIG. 28A depicts an engagement insert, grommet 
or plug for insertion into the hexagonal element of FIG. 27А. 
[0070] FIG. 28B depicts the insert of FIG. 28A engaged 
with the hexagonal element of FIG. 27A; 

[0071] FIGS. 28C, 28D and 28E depicts various alterna- 
tive embodiments of impact absorbing arrays incorporating 
hexagonal elements with integral engagement features; 
[0072] FIGS. 28F and 28G depict top and bottom perspec- 
tive views of another alternative embodiment of an impact 
absorbing array; 

[0073] FIGS. 29A and 29B depict perspective and side 
plan views of another alternative embodiment of an impact 
absorbing array incorporating multiple composite layers; 
[0074] FIG. 30A depicts another alternative embodiment 
of an impact absorbing array incorporating some hexagonal 
elements having completely closed or sheet-like upper 
ridges; 

[0075] FIG. 30B depicts placement of the impact absorb- 
ing array of FIG. 30A into a helmet or other protective 
clothing, with the array flexed to accommodate a curved 
inner helmet surface; 

[0076] FIGS. 31A and 31B depict a side perspective and 
lower perspective views, respectively, of one alternative 
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embodiment of a protective helmet including impact absorb- 
ing arrays with hexagonal elements; 

[0077] FIGS. 31C, 31D and 31E depict perspective views 
of the impact absorbing arrays of FIGS. 31A and 31B; 
[0078] FIG. 32A depicts a perspective view of an inner 
shell or insert for securing modular impact absorbing arrays 
inside of a helmet or other protective garment; 

[0079] FIG. 32B depicts a bottom plan view of the inner 
shell or insert of FIG. 32A; 

[0080] FIG. 33 depicts a front plan view of one exemplary 
embodiment of a tapered or frustum shaped hexagonal 
structure in a polymeric layer; and 

[0081] FIG. 34 depicts a cross-sectional side view of one 
exemplary embodiment of a military helmet incorporating 
various buckling structure arrays. 


DETAILED DESCRIPTION 


[0082] Modular Helmet 


[0083] FIG. 1 is a perspective view of an assembly 100 of 
impact absorbing structures formed from modular rows 110, 
120, and 130, in accordance with an embodiment. In gen- 
eral, a modular row includes an inner surface, an outer 
surface, and impact absorbing structures between the inner 
surface and the outer surface. The modular row may further 
include a protective layer (e.g., foam) more and/or less rigid 
than the impact absorbing structures that encloses a remain- 
ing volume between the inner surface and outer surface after 
formation of the impact absorbing structures. When a helmet 
including the assembly 100 is worn, the inner surface is 
closer to the user’s skull than the outer surface. Optionally, 
the modular row includes end surfaces connecting the short 
edges of the inner surface to the short edges of the outer 
surface. The inner surface, outer surface, and end surfaces 
form a slice with two parallel flat sides and an are or bow 
shape on two other opposing sides. The end surfaces may be 
parallel to each other or angled relative to each other. The 
modular rows include one or more base modular rows 110, 
crown modular rows 120, and rear modular rows 130. The 
assembly 100 may include further shells, such as an inner- 
most shell, an outermost shell, or both, that secure the 
modular rows relative to each other and capture the structure 
between the innermost and outermost shells when assembled 
for durability and impact resistance. 

[0084] The base modular row 110 encircles the wearer’s 
skull at approximately the same vertical level as the user’s 
brow. The crown modular rows 120 are stacked horizontally 
on top of the base modular row 110 so that the long edges 
of the inner and outer surfaces form generally parallel 
vertical planes. The end surfaces of the crown modular rows 
120 rest on a top plane of the base modular row. The outer 
surfaces of the crown modular rows 120 converge with the 
outer surface of the base modular row 110 to form a rounded 
outer shell. Likewise, the inner surfaces of the crown 
modular rows 120 converge with the inner surface of the 
base modular row 110 to form a rounded inner shell. Thus, 
the crown modular rows 120 and base modular row 110 form 
concentric inner and outer shells protecting the wearer’s 
upper head. The outer surface of a crown modular row 120 
may form a ridge 122 raised relative to the rest of the outer 
surface. The ridge 122 may improve distribution of impact 
forces or facilitate a connection between two halves (e.g., 
left and right halves) of an outermost layer of a helmet 
including assembly 100. 
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[0085] The rear modular rows 130 are stacked vertically 
under a rear portion of the base modular row 110 so that the 
long edges of the inner and outer surfaces form generally 
parallel horizontal planes. The inner surface of the topmost 
rear modular row 130 can form a seam with the inner surface 
of the base modular row 110, and the outer surface of the 
topmost rear modular row 130 can form a seam with the 
outer surface of the base modular row 110. Thus, the rear 
modular rows 130 and the rear portion of the base modular 
row 110 can form concentric inner and outer shells protect- 
ing the wearer’s rear lower head and upper neck. 

[0086] Modular Row 

[0087] FIG. 2 is a perspective view of a base modular row 
110, in accordance with an embodiment. The base modular 
row 110 can includes two concentric surfaces 103 (e.g., an 
inner surface and an outer surface), end surfaces, and impact 
absorbing structures 105. 

[0088] Аз illustrated, the impact absorbing structures 105 
are columnar impact absorbing members which can be 
mechanically secured to both concentric surfaces 103. An 
end of the impact absorbing structure 105 may be mechani- 
cally secured to a concentric surface 103 as a result of 
integral formation, by a fastener, by an adhesive, by an 
interlocking end portion (e.g., a press fit), another technique, 
or a combination thereof. An end of the impact absorbing 
member can be secured perpendicularly to the local plane of 
the concentric surface 103 in order to maximize resistance to 
normal force. However, one or more of the impact absorbing 
members may be secured at another angle to modify the 
resistance to normal force or to improve resistance to torque 
due to friction between an object and the outermost surface 
of a helmet including assembly 100. The critical force that 
buckles the impact absorbing member may increase with the 
diameter of the impact absorbing member, and may also 
decrease with the length of the impact absorbing member. 

[0089] In various embodiments described herein, an 
impact absorbing member can have a circular cross section 
that desirably simplifies manufacture and can eliminate 
significant stress concentrations occurring along edges of the 
structure, but other cross-sectional shapes (e.g., squares, 
hexagons) may be employed to alter manufacturability and/ 
or modify performance characteristics. Generally, an impact 
absorbing structure will be formed from a compliant, yet 
strong material such as an elastomeric substrate such as hard 
durometer plastic (e.g., polyurethane, silicone) and may 
include a core and/or outer surface of a softer material such 
as open or closed-cell foam (e.g., polyurethane, polystyrene) 
or may be in contact with a fluid or gas (e.g., air). After 
forming the impact absorbing members, a remaining volume 
between the concentric surfaces 103 (that is not filled by the 
impact absorbing members) may be filled with a softer 
material, such as foam or a fluid or gas (e.g., air). 

[0090] The concentric surfaces 103 are desirably curved to 
form an overall rounded shape (e.g., spherical, ellipsoidal) 
when assembled into a helmet shape. The concentric sur- 
faces 103 and end surfaces 104 may be formed from a 
material that has properties stiffer than the impact absorbing 
members such as hard plastic, foam, metal, or a combination 
thereof, or they may be formed from the same material as the 
impact absorbing members. To facilitate manufacturing of 
the base modular row 110, a living hinge technique may be 
used. The base modular row 110 may be manufactured as an 
initially flat modular row, where the long edges of the 
concentric surfaces 103 form two parallel planes. For 
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example, the base modular row 110 could be formed by 
injection molding the concentric surfaces 103, the end 
surfaces 104, and the impact absorbing structures 105. The 
base modular row 110 may then be bent to form a living 
hinge. The living hinge may be created by injection molding 
a thin section of plastic between adjacent structures. The 
plastic can be injected into the mold such that the plastic fills 
the mold by crossing the hinge in a direction transverse to 
the axis of the hinge, thereby forming polymer strands 
perpendicular to the hinge, thereby creating a hinge that is 
robust to cracking or degradation. 

[0091] FIG. 3 is a perspective view of a modular row 110, 
in accordance with an embodiment. The modular row 110 
has a beveled edge with a cross-section that tapers from a 
base to an edge along which the impact absorbing members 
305 are secured. For example, the modular row 110 has a 
pentagonal cross section where the impact absorbing mem- 
bers 305 are mechanically secured along an edge formed 
opposite the base of the pentagonal cross-section. The 
pentagon has two perpendicular sides extending away from 
the base of the pentagon to two sides that converge at an 
edge to which the impact absorbing members 305 are 
secured. As another example, the modular row 110 may have 
a triangular cross section (e.g., isosceles triangle), and the 
impact absorbing members 305 can be secured along an 
edge opposite the base of the triangular cross-section. Rela- 
tive to a rectangular cross-section, the tapered cross-section 
can reduce the mass to secure the impact absorbing members 
305 to the base of the modular row 110. The base of the 
modular row 110 may be generally wider than an impact 
absorbing member 305 in order to form a shell when 
assembled with adjacent modular rows 110. The general 
benefit of forming the base of the rows in this manner is to 
increase moldability of these structures. 

[0092] Branched Impact Absorbing Members 

[0093] FIG. 4 is a plan view of an impact absorbing 
member 405 having a branched shape, in accordance with an 
embodiment. The impact absorbing member 405 includes a 
base portion 410 and at least two branched portions 415. The 
base portion 410 (e.g. filament or column) and the branched 
portions 415 (e.g., filaments or columns) are joined at one 
end creating a one or more nodes. Opposite ends of the 
branched portions 415 can be secured to one of the concen- 
tric surfaces 103, and the opposite end of the base portion 
410 can be secured to an opposite one of the concentric 
surfaces. Varying the angle between the branched portions 
415 can modify the critical force to buckle the impact 
absorbing member 405. For example, increasing the angle 
between the branched portions 415 may decrease the critical 
force. Generally, the angle between the branched portions 
415 is between 30? and 120?. The impact absorbing structure 
405 may include additional branched portions 415. For 
example, impact absorbing structure 405 could include three 
branched portions 415, one of which may be parallel to the 
base portion 410. 

[0094] Impact Absorbing Structures Including Intersect- 
ing Arches 

[0095] FIG. 5A is a perspective view of impact absorbing 
structures 505 including intersecting arches, in accordance 
with an embodiment. In the illustrated example, an impact 
absorbing structure 505 includes two arches which each 
form half a circle. The portions intersect perpendicular to 
each other at an apex of the impact absorbing structure 505. 
However, other variations are possible, such as an impact 
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absorbing structure 505 including three arches intersecting 
at angles of about 60°, four arches intersecting at angles of 
about 45°, or a single arch. In general, having two or more 
intersecting arches causes the impact absorbing structure 
505 to have a more uniform rigidity and yield stress from 
torques having different lateral directions relative to a single 
arch. As another example, the impact absorbing structure 
505 may form a dome having a uniform resistance to torques 
from different lateral directions, but use of distinct inter- 
secting arches may decrease the weight of the impact 
absorbing structure 505. Compared to a dome, the gaps 
between the arches in the impact absorbing structure 505 
desirably facilitate injection of foam or another less rigid 
material inside of the impact absorbing structure 505 to 
further dissipate energy. 


[0096] The ends of the arches are desirably mechanically 
secured to the surface 510, which may be a concentric 
surface 103 of a modular row or an inner or outer shell. The 
surface 510 may form an indentation 515 having a cross- 
sectional shape corresponding to (and aligned with) a pro- 
jection of the impact absorbing structure 505 onto the 
surface 510. The indentation extends at least partway 
through the surface 510. For example, the indentation 515 
has a cross-section of a cross to match the perpendicularly 
intersecting arches of the impact absorbing structure 505 
secured above the indentation. When the impact absorbing 
structure 505 deforms as a result of a compressive force, the 
impact absorbing structure 505 may deflect into the inden- 
tation 515. As a result, the impact absorbing member 505 has 
a greater range of motion, resulting in absorption of more 
energy (from deformation) and slower deceleration. Without 
the indentation 515, a compressive force could cause the 
impact absorbing structure 505 to directly contact the sur- 
face 510, resulting in a sudden increase in stiffness and/or 
“bottoming out” of the structure, which could limit further 
gradual deceleration of the impact absorbing structure 505. 


[0097] FIG. 5B is a perspective view of an opposing 
arrangement of the impact absorbing 505 structures of FIG. 
5A, in accordance with an embodiment. An upper set of 
impact absorbing structures 505 is secured to an outer 
surface 510A, and a lower set of impact absorbing structures 
515 is secured to an inner surface 510B. The impact absorb- 
ing structures 505 may be aligned to horizontally overlap 
apexes of opposing impact absorbing structures 505, or the 
impact absorbing structures 505 may be aligned to horizon- 
tally offset apexes of impact absorbing structures 505 on the 
outer surface 510A and inner surface 510B. In the vertically 
aligned arrangement, the distance between the inner and 
outer surfaces can be increased, which can provide more 
room for deformation of the impact absorbing structures 505 
to absorb energy from a collision. In the offset arrangement, 
the distance between the inner and outer surfaces 510 can be 
reduced, and the area of contact between oppositely aligned 
impact absorbing structures 505 increased. Although the 
outer surface 510A and the inner surface 510B are illustrated 
as being planar, they may be curved, as in a modular row or 
a concentric shell arrangement. In such a case, the outer 
surface 510A may include more impact absorbing structures 
505 than the inner surface 510B, or the impact absorbing 
structures 505 of the outer surface 510A may be horizontally 
enlarged relative to those on the inner surface 510B. 

[0098] FIG. 5C is a perspective view of impact absorbing 
structures 555 including intersecting arches 560 connected 
by a column 565, in accordance with an embodiment. The 
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intersecting arches 560 may be intersecting arches, such as 
the impact absorbing structures 505. The column 565 may 
be similar to the impact absorbing members 105 and 305. As 
illustrated, the opposite ends of a column 565 may be 
perpendicularly connected (or connected at other angles 
and/or alignments) to two vertically aligned intersecting 
arches 560. Because the columns 565 are subject to different 
types of deformation relative to the intersecting arches (e.g., 
buckling and deflection), the impact absorbing structure 555 
may have two or more critical forces that result in defor- 
mation of different components of the impact absorbing 
structure 555. In this way, the impact absorbing structure 
555 may dissipate energy from a collision in multiple stages 
through multiple mechanisms. In other embodiments, the 
impact absorbing structures 505 and 555 may include any of 
the impact absorbing structures described with respect to 
FIGS. 6A through 8C. 

[0099] Packed Impact Absorbing Structures 

[0100] FIG. 6A is a cross-sectional view of a helmet 600 
including impact absorbing structures 615 having a spherical 
wireframe shape, in accordance with another embodiment. 
FIG. 6B is a plan view of the impact absorbing structural 
element 615 included in the helmet 600, in accordance with 
an embodiment. FIG. 6C is another perspective view of the 
impact absorbing structure 615 included in the helmet 600, 
in accordance with an embodiment. 

[0101] The helmet 600 includes an outer shell 605, an 
inner shell 610, and impact absorbing structures 615 dis- 
posed between the outer shell 605 and the inner shell 610. 
The impact absorbing structures 615 can be formed from 
perpendicularly interlocked rings that together form a 
spherical wireframe shape. Although the illustrated impact 
absorbing structures 615 include three mutually orthogonal 
rings, other structures are possible. For example, the number 
of longitudinal rings may be increased to improve the 
uniformity of the impact absorbing structure’s response to 
forces from different directions. However, increasing the 
number of rings may also increase the weight of the impact 
absorbing structure 615 and/or may decrease the spacing 
between the rings, which might hinder filling an internal 
volume of the impact absorbing structure 615 with a less 
rigid material such as foam. 

[0102] The helmet 600 further includes a facemask 620, 
which desirably protects a face of the wearer while allowing 
visibility, and vent holes 625, which desirably improve user 
comfort by enabling air circulation proximate to the user’s 
skin. For example, the helmet 600 may incorporate vent 
holes 625 near the user’s ears to improve propagation of 
sound waves. The vent holes 625 may further serve to reduce 
moisture and sweat accumulating in the helmet 600. In some 
embodiments, the helmet may include a screen or mesh 
(e.g., using polymeric and/or metal wire) placed over one or 
both vent holes 625 to desirably reduce penetration by 
particles (e.g., soil, sand, snow) and to prevent penetration 
by blunt objects during collisions. 

[0103] FIG. 7A is a cross-sectional view of a helmet 700 
including impact absorbing structures 715 having a jack-like 
shape, in accordance with another embodiment. FIG. 7B is 
a plan view of the impact absorbing structure 715 included 
in the helmet 700, and FIG. 7C is a perspective view of the 
impact absorbing structure 715 included in the helmet 700, 
in accordance with this embodiment. 

[0104] As disclosed, the helmet 700 can include an outer 
shell 605, an inner shell 610, a plurality of impact absorbing 
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structures 715 disposed between the outer shell 605 and the 
inner shell 610, a face mask 620, and vent holes 625. As 
illustrated, the impact absorbing structure 715 can have a 
jack-like or “caltrop” shape formed by a plurality of inter- 
secting bars and/or three or more orthogonally intersecting 
bars, columns or filaments, which connect a central point or 
a node to faces of an imaginary cube enclosing the impact 
absorbing structure 715. Alternatively, the impact absorbing 
structures may include additional bars, columns or filaments 
intersecting at a central point, such as bars that connect the 
central point to faces of an enclosing tetrahedron or octa- 
hedron. Compared to impact absorbing structures with a 
column shape, the impact absorbing structures 715 may 
have increased resistance to forces from multiple directions, 
particularly torques due to friction in a collision. 

[0105] The impact absorbing structures 615 or 715 may be 
mechanically secured to the outer shell 605, the inner shell 
610, or both. However, mechanically securing the impact 
absorbing structures 615 or 715 increase manufacturing 
complexity and may be obviated by filling the volume 
between the outer shell 605 and inner shell 610 with another 
material. This other material may secure the impact absorb- 
ing structures 615 relative to each other and the inner and 
outer shells, which prevents bothersome rattling. 

[0106] FIG. 8A is a cross-sectional view of a helmet 800 
including impact absorbing structures 815 having a bristle 
shape, in accordance with an embodiment. FIG. 8B is a plan 
view of the impact absorbing structure 815 included in the 
helmet 800, in accordance with an embodiment. FIG. 8C is 
a perspective view of the impact absorbing structure 815 
included in the helmet 800, in accordance with an embodi- 
ment. 

[0107] The helmet 800 includes an outer shell 605, an 
inner shell 610, impact absorbing structures 815 disposed 
between the outer shell 605 and the inner shell 610, a face 
mask 620, and vent holes 625. As illustrated, an impact 
absorbing structure 815 has a bristle shape with multiple 
bristles arranged perpendicular to outer shell 605, inner shell 
610, or both. The impact absorbing structure 815 further 
includes holes having a same diameter as the bristles. As 
illustrated, the holes and bristles of the impact absorbing 
structure are arranged in an array structure with the bristles 
and holes alternating across rows and columns of the array. 
The impact absorbing structure may include a base pad 
secured to the shell 605 or 610. The base pad secures the 
bristles and forms the holes. Alternatively, the shells 605 and 
610 serve as base structures that secure the bristles and 
forms the holes. Impact absorbing structures 815 on the 
shells 605 and 610 are aligned oppositely and may be offset 
so that bristles of an upper impact absorbing structure 815 
are aligned with holes of the lower impact absorbing struc- 
ture 815, and vice versa. In this way, the ends of bristles may 
be laterally secured when the opposing impact absorbing 
structures 815 are assembled between the outer shell 605 
and the inner shell 610. 

[0108] In some embodiments, the impact absorbing struc- 
tures 615, 715, or 815 are secured in a ridge that protrudes 
from an outer shell of the helmet 100 (e.g., like a mohawk). 
In this way, the ridge may absorb energy from a collision 
before the force is transmitted to the outer shell of the helmet 
100. 

[0109] Additional Impact Absorbing Structures 

[0110] FIG. 9 is a perspective view of another alternative 
embodiment of an impact absorbing structure 910 having a 
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conical structure. In the example shown by FIG. 9, the 
impact absorbing structure 910 has a circular base 915 
coupled to a circular top 920 via a conical structure 925. As 
shown in FIG. 9, a portion of the conical structure 925 
coupled to the circular base 915 has a smaller diameter than 
an additional portion of the conical structure 925 coupled to 
the circular top 920 of the impact absorbing structure 910. 
In various embodiments, the interior of the conical structure 
925 is hollow. Alternatively, a less rigid material, such as 
foam, may be injected into the interior of the conical 
structure 925 to further dissipate energy from an impact. In 
various embodiments, the circular base 915 is configured to 
be coupled to an inner shell of a helmet, while the circular 
top 920 is configured to be coupled to an outer shell of a 
helmet, such as the helmet described above in conjunction 
with FIGS. 6A, 7A, and 8A Alternatively, the circular base 
915 is configured to be coupled to an outer shell of a helmet, 
while the circular top 920 is configured to be coupled to an 
inner shell of a helmet, such as the helmet described above 
in conjunction with FIGS. 6A, 7A, and 8A 


[0111] FIG. 10 is a perspective view of another alternative 
embodiment of an impact absorbing structure 1005 having a 
base portion 1010 and angled support portions 1015A, 
1015B (also referred to individually and collectively using 
reference number 1015). The base portion (e.g., base col- 
umn, bar and/or filament) 1010 is coupled to each of the 
concentric surfaces 103 (similar to the embodiments 
described in conjunction with FIG. 2), while a support 
portion (e.g. support bar, column and/or filament) 1015A has 
an end coupled to the base portion 1010 and another end 
coupled to one or the concentric surfaces 103. In the 
example shown by FIG. 10, each base portion 1010 has two 
support portions 1015A coupled to the base portion 1010 
and to one of the concentric surfaces 103 and also has two 
additional support portions 1015B coupled to the base 
portion 1010 and to the other concentric surface 103. How- 
ever, in other embodiments, the base portion 1010 may have 
any suitable number of support portions 1015 coupled to the 
base portion 1010 and to one of the concentric surfaces 103. 
In some embodiments, the base portion can include different 
numbers of support portions 1015 coupled to the base 
portion and to a concentric surface 103 and/or coupled to the 
other concentric surface 103. 


[0112] As depicted in this embodiment, a support portion 
1015 can be coupled to the base portion 1010 at an angle and 
can be coupled to a concentric surface 103 at an additional 
angle. In various embodiments, the angle equals the addi- 
tional angle. Varying the angle at which the support portion 
1015 is coupled to the base portion 1010 or the additional 
angle at which the support portion 1015 is coupled to the 
concentric surface 103 can modify the structure's response 
to an incident force and/or critical force that, when applied, 
may cause the impact absorbing member 1005 to buckle. 


[0113] FIG. 11 is a perspective view of another embodi- 
ment of an impact absorbing structure 1105 having a cylin- 
drical member coupled to multiple planar surfaces 1115A, 
1115B (also referred to individually and collectively using 
reference number 1115). The cylindrical member has a 
vertical portion 1112 having a height and having a circular 
base 1110 at one end. At an opposite end of the vertical 
portion 1112 from the circular base 110, multiple planar 
surfaces 1115A, 1115B are coupled to the vertical portion 
1112. Different planar surfaces 1115 are separated by a 
distance 1120. For example, FIG. 11 shows planar surface 
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1115A separated from planar surface 1115B by the distance 
1120. In various embodiments, each planar surface 1115 is 
separated from an adjacent planar surface 1115 by a com- 
mon distance 1120; alternatively, different planar surfaces 
1115 are separated from other planar surfaces 1115 by 
different distances 1120. Each planar surface 1115 has a 
width 1125, while FIG. 11 shows an embodiment where the 
width 1125 of each planar surface 1115 is the same, different 
planar surfaces 1115 may have different widths in 1125 in 
other embodiments. The planar surfaces 1115 are coupled to 
the opposite end of the vertical portion 1112 of the cylin- 
drical member than the circular base 1110 around a circum- 
ference of the cylindrical member. Additionally, the circular 
base 1110 can be configured to be coupled to an outer shell 
of a helmet, while ends of the planar surfaces 1115A, 1115B 
not coupled to the vertical portion of the cylindrical member 
can be configured to be coupled to an inner shell of a helmet, 
such as the helmet described above in conjunction with 
FIGS. 6A, 7A, and 8A. Alternatively, the circular base 1110 
can be configured to be coupled to an inner shell of a helmet, 
while ends of the planar surfaces 1115A, 1115B not coupled 
to the vertical portion of the cylindrical member may be 
configured to be coupled to an outer shell of a helmet, such 
as the helmet described above in conjunction with FIGS. 6A, 
7A, and 8A In other embodiments, the circular base 1110 
may be configured to be coupled to a concentric surface 103 
and the ends of the planar surfaces 1115A, 1115B not 
coupled to the vertical portion of the cylindrical member are 
configured to be coupled to another concentric surface 103. 


[0114] FIG. 12 is a perspective view of another alternative 
embodiment of an impact absorbing structure 1205 having a 
base portion 1210 to which multiple supplemental portions 
1215A, 1215B (also referred to individually and collectively 
using reference number 1215) are coupled. Support portions 
1220A, 1220B (also referred to individually and collectively 
using reference number 1220) are coupled to a concentric 
surface 103 and to a supplemental portion 1215A, 1215B. 
As shown in FIG. 12, an end of a supplemental portion 
1215A is coupled to the base portion 1210, while an oppos- 
ing end of the supplemental portion 1215A is coupled to a 
support portion 1220A. The support portion 1220A has an 
end coupled to the opposing end of the supplemental portion 
1215A, while another end of the support portion 1220A is 
coupled to a concentric surface 103. In various embodi- 
ments, an end of the base portion 1210 and the other ends of 
the support portions 1220 are each coupled to a common 
concentric surface 103, while an opposing end of the base 
portion 1210 is coupled to a different concentric surface 103. 


[0115] Any number of supplemental portions 1215 may be 
coupled to the base portion 1210 of the impact absorbing 
structure in various embodiments. Additionally, the supple- 
mental portions 1215 are coupled to the base portion 1210 
at an angle relative to an axis parallel to the base portion 
1210. In some embodiments, each supplemental portion 
1215 is coupled to the base portion 1210 at a common angle 
relative to the axis parallel to the base portion 1210. Alter- 
natively, different supplemental portions 1215 are coupled to 
the base portion 1210 at different angles relative to the axis 
parallel to the base portion 1210. Similarly, each support 
portion 1220 is coupled to a supplemental portion 1215 at an 
angle relative to an axis parallel to the supplemental portion 
1215. In some embodiments, each support portion 1220 is 
coupled to a corresponding supplemental portion 1215 at a 
common angle relative to the axis parallel to the supple- 
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mental portion 1215. Alternatively, different support por- 
tions 1220 are coupled to a corresponding supplemental 
portion 1215 at different angles relative to the axis parallel 
to the corresponding supplemental portion 1215. 


[0116] FIG. 13A is a perspective view of an embodiment 
of a conical impact absorbing structure 1305. The conical 
impact absorbing structure 1305 has a circular base 1315 
and an additional circular base 1320 that has a smaller 
diameter than the circular base 1315. A vertical member 
1310 is coupled to the circumference of the circular base 
1315 and to a circumference of the additional circular base 
1320. Hence, a width of the vertical member 1310 is larger 
nearer to the circular base 1315 and is smaller nearer to the 
additional circular base 1320. The circular base 1315 is 
configured to be coupled to a concentric surface 103, while 
the additional circular base 1320 is configured to be coupled 
to an additional concentric surface 103. In the example 
shown by FIG. 134A, the vertical member 1310 is hollow. 
Alternatively, a less rigid material, such as foam, may be 
injected into the interior of the vertical member 1310 to 
further dissipate energy from an impact. 


[0117] FIG. 13B is a cross-sectional view of an alternative 
impact absorbing structure 1330. In the example shown by 
FIG. 13B, the alternative impact absorbing structure 1330 
has a circular base 1340 and an additional circular base 1345 
that each have a common diameter. A vertical member 1350 
is coupled to the circular base 1340 and to the additional 
circular base 1345. Because the diameter of the circular base 
1340 equals the diameter of the additional circular base 
1345, the vertical member 1350 can have a uniform width 
between the circular base 1340 and the additional circular 
base 1345. In the example of FIG. 13B, the vertical member 
1350 is hollow. Alternatively, a less rigid material, such as 
foam, may be injected into the interior of the vertical 
member 1350 to further dissipate energy from an impact. 
The circular base 1345 is configured to be coupled to a 
concentric surface 103, while the additional circular base 
1350 is configured to be coupled to an additional concentric 
surface 103. 


[0118] FIG. 14 is a side view of an impact absorbing 
structure 1405 having arched structures 1410A, 1410B. In 
the example shown by FIG. 4, the impact absorbing struc- 
ture 1405 has an arched structure 1410A coupled to a 
concentric surface 103 at an end and coupled to another 
concentric surface 103 at an opposing end. Similarly, an 
additional arched structure 1410B is coupled to the concen- 
tric surface 103 at an end, while an opposing end of the 
additional arched structure 1410B is coupled to the other 
concentric surface 103. A bracing member 1415 can be 
positioned in a plane parallel to the concentric surface 103 
and the other concentric surface 103. An end of the bracing 
member 1415 is coupled to the arched structure 1410A, 
while an opposing end of the bracing member 1415 can be 
coupled to the additional arched structure 1410B. In various 
embodiments, the end of the bracing member 1415 is 
coupled to the arched structure 1410A at an apex of the 
arched structure 1410B relative to an axis perpendicular to 
the bracing member 1415. Similarly, the opposing end ofthe 
bracing member 1415 1s coupled to the additional arched 
structure 1410B at an apex of the additional arched structure 
1410B relative to the axis perpendicular to the bracing 
member 1415. However, in other embodiments, the bracing 
member 1415 may be coupled to any suitable portions ofthe 
arched structure 1410A and the additional arched structure 
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1410B along a plane parallel to the concentric surface 103 
and the other concentric surface 103. 


[0119] Additionally, a supporting structure 1420A can be 
coupled to a portion of a surface of the bracing member 1415 
and to an additional portion of the surface of the bracing 
member 1415. Similarly, an additional supporting structure 
1420B is coupled to a portion of an additional surface of the 
bracing member 1415 that is parallel to the surface of the 
bracing member 1415 and to an additional portion of the 
additional surface of the bracing member 1415. As shown in 
FIG. 14, the supporting structure 1420A is arched between 
the portion of the surface of the bracing member 1415 and 
the additional portion of the surface of the bracing member 
1415. Similarly, the additional supporting structure 1420B is 
arched between the portion of the additional surface of the 
bracing member 1415 and the additional portion of the 
additional surface of the bracing member 1415. 


[0120] FIG. 15 is a perspective and cross-sectional view of 
an embodiment of an impact absorbing structure 1505 
comprising a cylindrical structure 1510 enclosing a conical 
structure 1515. In the example shown by FIG. 15, the impact 
absorbing structure 1505 has a cylindrical structure 1510 
having an interior wall 1535 and an exterior wall. The 
cylindrical structure 1510 encloses a conical structure 1515 
having a circular base1520 at one end and an additional 
circular base 1525 at an opposing end. In various embodi- 
ments, the cylindrical structure 1510 and the conical struc- 
ture 1515 can each have different durometers, so the cylin- 
drical structure 1510 and the conical structure 1515 have 
different hardnesses. Alternatively, the cylindrical structure 
1510 and the conical structure 1515 have a common hard- 
ness. The additional circular base 1525 has a smaller diam- 
eter than the circular base 1520. Additionally, the interior 
wall 1535 of the cylindrical structure 1510 may optionally 
taper from a portion of the cylindrical structure 1510 nearest 
the additional circular base 1525 of the conical structure 
1515 to being coupled to a circumference of the circular base 
1520 of the conical structure 1515. In some embodiments, 
such as shown in FIG. 15, a height of the conical structure 
1515 is greater than a height of the cylindrical structure 
1510, so the additional circular base 1525 of the conical 
structure 1515 protrudes above the cylindrical structure 
1510. Alternatively, the height of the conical structure 1515 
equals the height of the cylindrical structure 1510, so a top 
of the cylindrical structure 1510 is in a common plane as the 
additional circular base 1525 of the conical structure 1515. 
Alternatively, the height of the conical structure 1515 is less 
than the height of the cylindrical structure 1510. As an 
additional example, the conical structure 1515 and the 
cylindrical structure 1510 have equal heights. In various 
embodiments, the circular base 1520 of the conical structure 
1515 is configured to be coupled to an inner shell of a 
helmet, while the additional circular base 1525 of the conical 
structure 1515 is configured to be coupled to an outer shell 
of a helmet, such as the helmet described above in conjunc- 
tion with FIGS. 6A, 7A, and 8A. Alternatively, the circular 
base 1520 of the conical structure 1515 is configured to be 
coupled to an outer shell of a helmet, while the additional 
circular base 1525 of the conical structure 1515 is config- 
ured to be coupled to an inner shell of a helmet, such as the 
helmet described above in conjunction with FIGS. 6A, 7A, 
and 8A 


[0121] FIG. 16 shows an embodiment of another embodi- 
ment of an impact absorbing structure 1605. In the example 
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shown by FIG. 16, the impact absorbing structure 1605 can 
include an open and/or closed polygon and/or irregular 
surface that undulates in a plane perpendicular to a plane 
including a concentric surface 103, which as depicted is 
coupled at one end to the concentric surface 103 and is 
coupled at an opposing end to an additional concentric 
surface 103. For example, the impact absorbing structure 
1605 can have a sinusoidal cross section in a plane parallel 
to the plane including the concentric surface 103. However, 
in other embodiments, the impact absorbing structure 1605 
may have any suitable profile in a cross section along the 
plane parallel to the plane, including the concentric surface 
103. 

[0122] Supporting Wall Structures 

[0123] FIGS. 17A-17C show perspective views of addi- 
tional embodiments of impact absorbing structures 1700A, 
1700B, 1700C comprising connected support members 
1705, 1710. Each support member 1705, 1710 has an end 
configured to be coupled to a concentric surface 103 and an 
opposing end configured to be coupled to another concentric 
surface 103. A support member 1705 is coupled to the other 
support member 1710 by a connecting element that is 
desirably in a plane perpendicular to a plane including the 
concentric surface 103, or in a plane perpendicular to 
another plane including the other concentric surface 103. In 
the example of FIG. 17A, an impact absorbing structure 
1700A may include a rectangular sheet-like or wall-like 
structure 1715A connecting the support member 1705 to the 
other support member 1710, with this wall structure posi- 
tioned perpendicular to the concentric surface 103 and to the 
other concentric surface 103. In various embodiments, an 
end of the rectangular structure 1715A is coupled to the 
concentric surface 103, while an opposite end of the rect- 
angular structure 1715A is coupled to the other concentric 
surface 103. 

[0124] FIG. 17B shows an impact absorbing structure 
1700B including a non-planer surface or “arched” wall 
structure 1715B connecting the support member 1705 to the 
other support member 1710. The arched structure 1715B 15 
perpendicular to the concentric surface 103 and to the other 
concentric surface 103 and is arched in a plane that is 
parallel to the concentric surface 103 and to the other 
concentric surface 103. In various embodiments, an end of 
the arched structure 1715B is coupled to the concentric 
surface 103, while an opposite end of the arched structure 
1715B is coupled to the other concentric surface 103. 
[0125] FIG. 17C shows an impact absorbing structure 
1700B including a complex or “undulating” wall structure 
1715C connecting the support member 1705 to the other 
support member 1710. The undulating structure 1715C can 
desirably be perpendicular to the concentric surface 103 and 
to the other concentric surface 103, and may include mul- 
tiple arcs in a plane that is parallel to the concentric surface 
103 and to the other concentric surface 103. For example, 
the undulating structure 1715C may have a sinusoidal cross 
section in a plane parallel to the plane including a concentric 
surface 103. In various embodiments, an end of the undu- 
lating structure 1715C is coupled to the concentric surface 
103, while an opposite end of the undulating structure 
1715C 15 coupled to the other concentric surface 103. 
[0126] While FIGS. 17A-17C show examples of impact 
absorbing structures where a pair of support members are 
coupled to each other by a connecting member, any number 
of support members may be positioned relative to each other 
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and different pairs of the support members connected to each 
other by connecting members to form structural groups. 
FIGS. 18-20 show exemplary structural groups including 
multiple support members positioned relative to each other 
with different support members or filaments coupled to each 
other by connecting members or walls. FIG. 18 shows an 
impact absorbing structure 1800 having a central support 
member 1805 coupled to three radial support members 
1810A, 1810B, 1810C that are positioned along a circum- 
ference of a circle having an origin at the central support 
member 1805. The central support member 1800 is coupled 
to radial support member 1810A by connecting member 
1815A and is coupled to radial support member 1810B by 
connecting member 1815B. Similarly, the central support 
member 1800 is coupled to radial support member 1810C by 
connecting member 1815C. While FIG. 18 shows an 
example where the connecting member 1815A, 1815B, 
1815C are rectangular, while in other embodiments, the 
connecting members 1815A, 1815B, 1815C may be arched 
structures or undulating structures as described in FIGS. 
17B and 17C or may have any other suitable cross section. 
[0127] FIGS. 19A and 19B show perspective views of 
additional embodiments of impact absorbing structures 
1900A and 1900B, comprising six support members or 
filaments coupled to each other by connecting members or 
walls formed in a hexagonal pattern. In the example shown 
by FIG. 19A, the impact absorbing structure 1900A has pairs 
of support members coupled to each other via rectangular 
connecting members to form a hexagon. The impact absorb- 
ing structure 1900B shown by FIG. 19B has pairs of support 
members coupled to each other via undulating support 
members to form a hexagon. 

[0128] FIG. 20 is a perspective view of an impact absorb- 
ing structure 2000 comprising rows of offset support mem- 
bers coupled together via connecting members in an “open” 
polygonal structure. In the example of FIG. 20, support 
members are positioned in multiple parallel rows 2010, 
2020, 2030, 2040, with support members in a row offset 
from each other so support members in adjacent rows are not 
in a common plane parallel to the adjacent rows. For 
example, support members in row 2010 are positioned so 
they are not in a common plane parallel to support members 
in row 2020. As shown in the example of FIG. 20, a support 
member in row 2020 is positioned so it is between support 
members in row 2010. Connecting members connect sup- 
port members in a row 2010 to support members in an 
adjacent row 2020. In some embodiments, support members 
in a row 2010 are not connected to other support members 
in the row 2010, but are connected to a support member in 
an adjacent row 2020 via a support member 2015. 

[0129] FIG. 21A depicts another view of the exemplary 
embodiment of an improved impact absorbing element 2100 
comprising a plurality of filaments 2110 that are intercon- 
nected by laterally positioned walls or sheets in a hexagonal 
configuration. The hexagonal structures may be manufac- 
tured as individual structures or in a patterned array. The 
manufacturing may include extrusion, investment casting or 
injection molding process. If manufactured as individual 
structures, each structure may be affixed to the desired 
product. Alternatively, if manufactured in a patterned array, 
the patterned array structures may be affixed to at least one 
face sheet. 

[0130] In this embodiment, the filaments can be connected 
at a lower end and/or an upper end by a face sheet or other 
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structure (not shown), which are/is typically oriented per- 
pendicular to the longitudinal axis of the filaments. A 
plurality of sheets or lateral walls 2120 can be secured 
between adjacent pairs of filaments 2110, with each filament 
having a pair of lateral walls 2120 attached thereto. In the 
disclosed embodiment, the lateral walls can be oriented 
approximately 120 degrees apart about the filament axis, 
with each lateral wall extending substantially along the 
longitudinal length of the filament. However, in alternative 
embodiments, an offset hexagonal pattern may be utilized 
for the filaments and sheets, in which some of the lateral 
walls may be arranged at 120 degrees, while other walls may 
be arranged at greater than or less than 120 degrees (see FIG. 
21B) or an irregular hexagon pattern may be used, in which 
the lateral walls are not symmetrical in their positioning 
and/or arrangement. For any of these embodiments, an upper 
and/or lower end of the lateral wall may be secured to one 
or more upper/lower face sheets (not shown), if desired. 


[0131] FIG. 22A depicts a side view of an exemplary pair 
of filaments 2110 that are connected by a lateral wall 2120, 
with a face sheet 2130 connected at the bottom of the 
filaments 2110 and wall 2120. In this embodiment, a vertical 
force (i.e., an axial compressive “impact” F) downward on 
the filaments 2110 will desirably induce the filaments to 
compress to some degree in initial resistance to the force F, 
with a sufficient vertical force eventually inducing the 
filaments to buckle. However, the presence of the lateral 
wall 2120 will desirably prevent and/or inhibit buckling of 
the columns in a lateral direction away from the wall, as well 
as possibly prevent and/or inhibit sideways buckling of the 
filaments (and/or buckling towards the wall) to varying 
degrees—generally depending upon the thickness, structural 
stiffness and/or material construction of the various walls, as 
well as various other considerations. As best seen in FIG. 
22B, the most likely direction(s) of buckling of the filaments 
as depicted may be transverse to the wall 2120, which 
stiffens the resistance of the filaments 2110 to buckling 
along various lateral directions, to a measurable degree in a 
desired manner. 


[0132] FIG. 22C depicts a top plan view of filaments 2110 
and walls 2120 in an exemplary hexagonal configuration. In 
this embodiment, each filament 2110 is connected by walls 
2120 to a pair of adjacent filaments, with two walls 2120 
extending from and/or between each filament set. In this 
arrangement, an axial compressive force (not shown) will 
desirably induce each of the filaments to initially compress 
to some degree in resisting the axial force, with a sufficient 
vertical force inducing the filaments to buckle in a desired 
manner. The presence of the two walls 2120, however, with 
each wall separated at an approximately 120 degree angle a, 
tends to limit lateral displacement of each filament away 
from and/or towards various directions, effectively creating 
a circumferential or “hoop stress" within the filaments/walls 
of the hexagonal element that can alter, inhibit and/or 
prevent certain types, directions and/or degrees of bucking 
of the individual filaments, of the individual walls and/or of 
the entirety of the hexagonal structure. 


[0133] FIG. 22D shows a perspective view of a hexagonal 
impact absorbing element 2300, with an exemplary progres- 
sive mechanical behavior of one filament element 2305 (in 
this embodiment connected only to a face sheet at its bottom 
end) as the hexagonal structure undergoes buckling induced 
by an axial compressive force. In this embodiment, the 
filament in initially in a generally straightened condition 
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2310, with the compressive force F initially causing the 
upper and/or central regions of the filament to displace 
laterally to some degree 2320 (corresponding to possible 
stretching, compression and/or “rippling” of the lateral 
walls), with the central region of the filament bowing 
slightly outward (causing a portion of the hexagonal struc- 
ture to assume a slight barrel-like shape). Further compres- 
sion of the hexagonal element by the force may reach a point 
where one or more of the filaments begin to buckle 2330, 
which can include buckling of a portion of the filament 
inwards towards the center of the hexagonal structure, with 
other portions of the filament buckling outward (i.e., poten- 
tially taking an “accordion” shape as the hexagonal structure 
buckles), which may be accompanied by asymmetric failure 
of some or all of the hexagonal structure (1.е., “toppling” or 
tilting of the hexagonal structure to one side). Further 
compression of the hexagonal structure should desirably 
progressively increase the collapse of the filaments 2340, 
which may include filament and/or wall structures overlap- 
ping each other to varying degrees 2350. Eventually, 
increased the compressive loading should eventually com- 
pletely collapse the hexagonal structure and associated fila- 
ments/walls 2360, at which point the array may reach a 
“bottomed out” condition, in which further compression 
occurs mainly via compressive thinning or elastic/plastic 
“flowing” of the collapsed material bed (not shown). Desir- 
ably, once the compressive load is removed, the individual 
filaments and/or walls of the hexagonal structure will 
rebound to approximate their original un-deformed shape, 
awaiting a new load. 


[0134] In various embodiments, the presence of the lateral 
walls between the filaments of the hexagonal structure can 
greatly facilitate recovery and/or rebound of the filament and 
hexagonal elements as compared to the independent fila- 
ments within a traditional filament bed. During buckling and 
collapse of the filaments and hexagonal structures, the 
lateral walls desirably constrain and control filament “fail- 
ure” in various predictable manners, with the walls and/or 
filaments elastically deforming in various ways, similar to 
the “charging” of a spring, as the hexagonal structure 
collapses. When the compressive force is released from the 
hexagonal structure, the walls and filaments should elasti- 
cally deform back to their original “unstressed” or pre- 
stressed sheet-like condition, which desirably causes the 
entirety of the hexagonal structure and associated filaments/ 
walls to quickly “snap back” to their original position and 
orientation, immediately ready for the next compressive 
force. 


[0135] The disclosed embodiments also confer another 
significant advantage over current filament array designs, in 
that the presence, orientation and dimensions of the lateral 
walls and attached filaments can confer significant axial, 
lateral and/or torsional stability and/or flexibility to the 
entirety of the array, which can include the creation of 
orthotropic impact absorbing structures having unique prop- 
erties when measured along different directions. More 
importantly, one unique features of these closed polygonal 
structures (and to some extent, open polygonal structures in 
various alternative configurations) is that the orthotropic 
properties of the hexagonal structures and/or the entirety of 
the impact absorbing array can often be “tuned” or “tai- 
lored" by alterations and/or changes in the individual struc- 
tural elements, wherein the alteration of one element can 
significantly affect one property (i.e., axial load resistance 


Aug. 19, 2021 


and/or buckling strength) without significantly altering other 
properties (1.е., lateral and/or torsional resistance of the 
structural element). In various embodiments, this can be 
utilized to create a protective garment that responds differ- 
ently to different forces acting in different areas of the 
garment. 


[0136] Desirably, alterations in the structural, dimensional 
and/or material components of a given design of an array 
element will alter some component(s) of its orthotropic 
response to loading. For example, FIG. 23A depicts a first 
hexagonal element 2380 having relatively small diameter 
filaments of a certain length, and a second hexagonal ele- 
ment 2390 having relatively larger diameter filaments of the 
same height or offset. When incorporated into respective 
impact absorbing arrays of repeating elements of similar 
design, these elements would desirably perform equivalently 
in torsional and/or shear loading, with the second array (i.e., 
having the array having the second hexagonal elements 
2390) having greater resistance to deformation and/or buck- 
ling under axial compressive loading than the first array 
(having the first hexagonal elements). In a similar manner, 
the thickness, dimensions and/or material composition ofthe 
lateral walls can have significant impact on the lateral and/or 
torsional response of the structure, with alterations in these 
structures desirably increasing, decreasing and/or otherwise 
altering the resistance of the element's torsional and/or 
lateral loading response, while minimizing changes to the 
axial compression response. For example, one embodiment 
of a hexagonal structure may have a tapered configuration. 
The hexagonal structure can have a top surface and a bottom 
surface, with the bottom surface perimeter (and/or bottom 
surface thickness/diameter of the individual elements) may 
be larger than the corresponding top surface perimeter 
(and/or individual element thickness/diameter). 


[0137] If desired, the hexagonal elements of an impact 
absorbing array can include components of varying size, 
shape and/or material within a single element, such as 
filaments of different diameter and/or shape within a single 
element and/or within an array of repeating elements. For 
example, the orthotropic response of the hexagonal element 
2400 depicted in FIG. 24 can be altered by increasing the 
thickness of one set of lateral walls 2410, while incorporat- 
ing thinner lateral walls 2420 in the remaining lateral walls, 
if desired. This can have the effect of “stiffening” the lateral 
and/or torsional response of the structure in one or more 
directions, while limiting changes to the axial response. As 
show in FIG. 23B, a wide variety of structural features and 
dimensions, as well as material changes, can be utilized to 
“tune” or “tailor” the element to a desired performance, 
which could include in-plane and/or out-of-plane rotation of 
various hexagonal elements relative to the remainder of 
elements within an array. 


[0138] In various embodiments, one or more array ele- 
ments could comprise non-symmetrical open and/or closed 
polygonal structures, including polygonal structures of dif- 
fering shapes and/or sizes in a single impact absorbing array. 
For example, FIGS. 25A and 25C depict top and bottom 
perspective views of one embodiment of an impact absorb- 
ing array 2500 incorporating closed polygonal elements, 
including hexagonal elements 2510 and 2520, and square 
elements 2530 and 2540. FIG. 25B depicts a simplified top 
plan view of the array of FIG. 25A. If desired, the individual 
polygonal elements can be spaced apart and/or attached to 
each other at various locations, including proximate the 
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peripheral edges of the array (which may allow for attach- 
ment of “stray elements” near the edges of the array, where 
a complete repeating pattern of a single polygonal element 
design may be difficult and/or impossible to achieve). Also 
depicted are various holes or perforations 2550 in the face 
sheet, which desirably reduce the weight of the face sheet 
and can also significantly increase the flexibility of the face 
sheet and the resulting impact absorbing array. These per- 
forations may be positioned in a repeating pattern of similar 
size and/or shaped holes, or the perforations may comprise 
a variety of shapes, sizes and/or orientations in the face sheet 
of a single array. The perforated face sheet may be directly 
affixed to the product (e.g., helmet, footwear and protective 
clothing) or a thin-walled polycarbonate backsheet may be 
additionally affixed to the perforated face sheet. The perfo- 
rated face sheet may have a back surface where the poly- 
carbonate backsheet may be affixed. The polycarbonate 
backsheet may improve load distribution throughout the 
hexagonal structures, may provide more comfort for direct 
contact with the wearer and/or may assist with a more 
uniform adherence to the product. 


[0139] FIGS. 25D and 25E depict top and bottom per- 
spective views of another alternative embodiment of an 
impact absorbing array, with hexagonal elements connected 
to a lower face sheet, wherein the lower face sheet is 
perforated by generally hexagonal openings underneath the 
hexagonal elements and square holes positioned between the 
hexagonal elements. 


[0140] FIG. 26A depicts an exemplary impact absorbing 
array comprising a plurality of hexagonal elements 2600 in 
a generally repeating symmetrical arrangement. In this 
embodiment, the elements 2600 are connected to each other 
by a lower face sheet 2605, which can optionally include 
connection by a pierced or “lace-like” lower face sheet, if 
desired. An upper portion of each of the elements 2600 in 
this embodiment is desirably not connected by an upper face 
sheet, which consequently allows the lower face sheet 2610 
(and thus the array) to easily be bent, twisted and/or other- 
wise shaped or “flexed” to follow a hemispherical or curved 
shape (See FIG. 26B), including an ability to deform the 
lower sheet and associated array elements around corners 
and/or edges or other complex surfaces, if desired. In this 
manner, the array elements can be manufactured in sheet 
form, if desired, and then the array sheet can be manipulated 
to conform to a desired shape (1.е., the hemispherical interior 
of an athletic or military helmet, for example) without 
significantly affecting the shape and/or impact absorbing 
performance of the hexagonal elements therein. In some 
embodiments, the lower face sheet may curve smoothly, 
while in other embodiments the lower face sheet may curve 
and/or flex primarily at locations between hexagonal or 
other elements, while maintaining a relatively flat profile 
underneath individual polygonal elements. 


[0141] FIG. 26C depicts one embodiment of how flexing 
or bending of a flat array can result in repositioning of the 
polygonal elements relative to an external contact surface. 
For example, FIG. 26C shows that upward flexing of the 
center of the flat array (to match the curved inner surface of 
the helmet) can cause the upper ends of the individual 
elements to separate to some degree, which may affect the 
response of the array to incident forces on the helmet. In 
contrast, FIG. 26D depicts the same array with the center of 
the array flexed in an opposing direction, which brings the 
upper ends of the individual elements in closer proximity to 
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each other, which can alter the response of the array to 
incident forces on the helmet as compared to that of FIG. 
26C. 


[0142] In various alternative embodiments, an upper face 
sheet can be connected to the upper portion of the elements, 
if desired. In such arrangements, the upper face sheet could 
comprise a substantially flexible material that allows flexing 
of the array in a desired manner, or the upper face sheet 
could be a more rigid material that is attached to the array 
after flexing and/or other manipulation of the lower face 
sheet and associated elements has occurred, thereby allow- 
ing he array to be manufactured in a flat-sheet configuration. 
[0143] FIGS. 27А and 27B depict perspective and cross- 
sectional views of one alternative embodiment of a hexago- 
nal impact absorbing element 2700, which incorporates an 
upper ridge 2710 at the upper end ofthe filaments 2720, with 
the upper ridge connected to the upper ends of the filaments 
and upper portions of the lateral walls 2730. In this embodi- 
ment, the upper ridge 2710 includes an open or perforated 
central section 2740, which in alternative embodiments 
could be formed in a variety of opening shapes and/or 
configurations, including circular, oval, triangular, square, 
pentagonal, hexagonal, septagonal, octagonal and/or any 
other shape, including shapes that mimic or approximate the 
shape of the polygonal element. In other alternative embodi- 
ments, the upper ridge could comprise a continuous sheet 
that covers the entirety of the upper surface of the element, 
or could include a plurality of perforations or holes (i.e., a 
perforated regular or irregular lattice and/or lace-like struc- 
ture). 

[0144] One significant advantage of incorporating an 
upper ridge into the hexagon element is a potential increase 
in the "stiffness" and rebound force/speed of the hexagon 
element as compared to the open elements of FIG. 26A. The 
addition of the upper ridge can, in various configurations, 
function in some ways similar to an upper face sheet 
attached to the element, in that the upper ridge can constrain 
movement of the upper end of the filaments in various ways, 
and also serve to stiffen the lateral walls to some degree. 
This can have the desired effect of altering the response of 
the element to lateral and/or torsional loading, with various 
opening sizes, configurations and sheet thickness having 
varying effect on the lateral and/or torsional response. More- 
over, the addition of the upper ridge can increase the speed 
and/or intensity at which the element (and/or components 
thereof) “rebounds” from a compressed, buckled and/or 
collapsed state, which can improve the speed at which the 
array can accommodate repeated impacts. In addition, the 
incorporation of the upper ridge can reduce stress concen- 
trations that may be inherent in the various component 
connections during loading, including reducing the oppor- 
tunity for plastic flow and/or cracking/fracture of component 
materials during impacts and/or repetitive loading. 

[0145] The incorporation of the upper ridge can also 
facilitate connection of the upper end of the element to 
another structure, such as an inner surface of a helmet or 
other item of protective clothing. FIG. 28A depicts an 
engagement insert, grommet or plug 2810 having an 
enlarged tip 2820 that 15 desirably slightly larger than the 
opening 2830 in the upper ridge 2840 of the hexagonal 
element 2850. In use, the enlarged tip 2820 can desirably be 
pushed through the opening 2830, with the tip and/or 
opening comprising a material sufficiently flexible to permit 
the tip and/or opening to deform slightly and, once the tip is 
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through the opening, allows the tip and an inner surface of 
the ridge to engage, which desirably retains the tip within the 
element 2850 (with the plug 2810 desirably attached or 
secured to some other item such as the inner surface of the 
helmet)—see FIG. 28B. If desired, the inner surface of the 
ridge and/or the engaging surface of the tip could include a 
flat and/or saw-tooth configuration, for greater retention 
force. In various embodiments, the plug may be connected 
to the helmet or other item with an adjustable and/or sliding 
connector (not shown), for greater flexibility and/or comfort 
for the wearer. 

[0146] In various embodiments, an impact absorbing array 
of hexagonal and/or other shaped elements can comprise one 
or more elements having an upper ridge engagement feature 
for securement of the array to an item of clothing or other 
structure. For example, FIGS. 28C and 28D depict alterna- 
tive impact absorbing array configurations in which a series 
of hexagonal elements 2800 are bounded at various edges by 
hexagonal engaging elements 2810, which can desirably be 
engaged with plugs or other inserts for securement to other 
items. 

[0147] While various embodiments are depicted with the 
engaging elements proximate to a periphery of the array, it 
should also be understood that the engaging elements could 
similarly be incorporated throughout the array in various 
locations (see FIG. 28E), including the use of such elements 
in the center and/or throughout the entirety of the array. For 
example, FIGS. 28F and 28G depict an impact absorbing 
array comprising eight irregularly-spaced hexagonal ele- 
ments, with all of the hexagonal elements including an upper 
ridge that could permit the element to be utilized as an 
engaging element. If desired, 1, 2, 3, 4, 5, 6, 7 or all 8 of the 
depicted elements could be engaged to corresponding 
inserts, grommets or plugs (not shown) for securing the 
array in a desired location and/or orientation. 

[0148] FIG. 29 depicts another alternative embodiment of 
an impact absorbing array comprising fourteen regularly- 
spaced elements, 10 of which are hexagonal and 4 of which 
are approximately triangular elements, with all of the 
depicted elements including an upper ridge structure that 
could permit the element to be utilized as an engaging 
element. As depicted, the hexagonal and triangular elements 
each desirably utilize a different design, size, shape and/or 
other arrangements of plugs (not shown). If both differing 
plug types were utilized on a helmet or other protective 
garment, then the array for attachment thereto might need to 
be properly oriented and/or positioned relative to the plugs 
before attachment could be accomplished, which could 
ensure proper placement and/or orientation of the array in a 
desired location of a helmet or other item of clothing which 
corresponds to the different plugs for the triangular and 
hexagonal elements. 

[0149] In various embodiments, the patterns of element 
placement and spacing of elements could vary widely, 
including the use of regular and/or irregular spacing or 
element placement, as well as higher and/or lower densities 
of elements in particular locations no a given array. For a 
given element design, size and/or orientation, the different 
patterns and/or spacing of the elements will often signifi- 
cantly affect the impact absorption qualities and/or impact 
response of the array, which provides the array designer with 
an additional set of configurable qualities for tuning and/or 
tailoring the array design such that a desired impact perfor- 
mance is obtained (or optimized) from an array which is 
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sized and configured to fit within an available space, such as 
between a helmet and a wearer’s head. 


[0150] In various alternative embodiments, composite 
impact absorbing arrays could be constructed that incorpo- 
rate various layers of materials, including one or more 
impact absorbing array layers incorporating closed and/or 
open polygonal element layers and/or other lateral wall 
supports. Desirably, composite impact absorbing arrays 
could be utilized to replace and/or retrofit existing impact 
absorbing layer materials in helmets and/or other articles of 
protective clothing, as well as for non-protective clothing 
uses including, but not limited to, floor mats, shock absorb- 
ing or ballistic blankets, armor panels, packing materials 
and/or surface treatments. In many cases, impact absorbing 
arrays such as described herein can be designed to provide 
superior impact absorbing performance to an equivalent or 
lesser thickness of foam or other cushioning materials being 
currently utilized in impact absorbing applications. Where 
existing impact absorbing materials can be removed from an 
existing item (a military or sports helmet, for example), one 
or more replacement impact absorbing arrays and/or com- 
posite arrays, such as those described herein, can be 
designed and retro-fitted in place of the removed material(s), 
desirably improving the protective performance of the item. 


[0151] Depending upon layer design, material selections 
and required performance characteristics, impact absorbing 
arrays incorporating closed and/or open polygonal element 
layers and/or other lateral wall supports such as described 
herein can often be designed to incorporate a lower offset 
(се. a lesser thickness) than a layer of foam or other impact 
absorbing materials providing some equivalence in perfor- 
mance. This reduction in thickness has the added benefit of 
allowing for the incorporation of additional thicknesses of 
cushioning or other materials in a retrofit and/or replacement 
activity, such as the incorporation of a thin layer of comfort 
foam or other material bonded or otherwise positioned 
adjacent to the replacement impact absorbing array layer(s), 
with the comfort foam in contact with the wearer's body. 
Where existing materials are being replaced on an item (i.e., 
retro-fitted to a helmet or other protective clothing item), this 
could result in greatly improved impact absorbing perfor- 
mance of the item, improvement in wearer comfort and 
potentially a reduction in item weight. Alternatively, where 
a new item is being designed, the incorporation of the 
disclosed impact absorbing array layer(s) can allow the new 
item to be smaller and/or lighter that its prior counterpart, 
often with a concurrent improvement in performance and/or 
durability. 

[0152] FIGS. 29A and 29B depicts various views of 
another alternative embodiment of an impact absorbing 
array or "composite" array 2900, comprising a polygonal 
element layer 2910 combined with a foam layer 2920. The 
polygonal element layer 2910 comprises a series of hexago- 
nal elements 2930 and triangular elements 2940, which are 
connected to a lower face sheet 2950. The lower face sheet 
2950 is in turn secured to the foam layer 2920, which may 
comprise a wide variety of foams or other materials. In the 
disclosed embodiment, the foam layer can comprise an open 
or closed cell “memory” foam, which is often utilized to 
contact a wearer's body to increase comfort, wearability 
and/or breathability of the impact absorbing array. In use, the 
composite array 2900 can be inserted into a desired item of 
protective clothing, such as into the interior of a helmet, with 
the array facing towards and/or away from the wearer's 
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body, depending upon design and user preference. If desired, 
the impact absorbing array and/or foam layer assembly 
could be covered and/or layered with a durable, lightweight, 
thin fabric. The fabric may be constructed as a fully inte- 
grated component of the array, or could be removable and/or 
washable. 

[0153] FIG. 30A depicts a front perspective view of an 
impact absorbing array 3000 comprising a plurality of 
hexagonal elements interconnected by a lower face sheet 
3010, with many of the hexagonal elements including com- 
pletely closed or sheet-like upper ridges 3020, along with 
four peripheral hexagonal elements 3030 having upper 
ridges with engaging elements. Desirably, this array can be 
manufactured in a generally flat configuration (i.e., by using 
injection molding, extrusion and/or casting techniques), and 
then the lower sheet can be flexed or curved (see FIG. 30B) 
to accommodate a curved contact surface such as the interior 
of a helmet or other article of clothing. 

[0154] The embodiment of FIG. 30A also depicts hexago- 
nal elements of differing sizes incorporated into a single 
array, with a pair of smaller hexagonal elements 3040 
proximate to a central region of the array, with larger 
hexagonal elements 3050 adjacent thereto. Such smaller 
elements can be designed to have some similar response to 
impact forces as the surrounding larger elements, or can 
provide differing responses. In this embodiment, the smaller 
elements 3040 desirably have a higher filament density (i.e., 
the filaments are closer together), which can provide a 
greater axial impact response, but with smaller walls which 
reduces the response to lateral and/or torsional loading. The 
smaller elements 3040 can also fit into a smaller space in the 
array, such as proximate to the lower edge. 

[0155] In various embodiments, an array can be designed 
that incorporates open and/or closed polygonal elements of 
different heights or offsets in individual elements within a 
single array. Such designs could be particularly useful when 
replacing and/or retrofitting an existing helmet or other item 
of protective clothing, in that the impact absorbing array 
might be able to accommodate variations in the height of the 
space available for the replacement array. In such a case, the 
lower face sheet of the replacement array might be formed 
into a relatively flat, uniform surface, with the upper ends of 
the hexagonal elements therein having greater or lesser 
offsets, with longer elements desirably fitting into deeper 
voids in the inner surface of the helmet. When assembled 
with the helmet, the lower face sheet of the replacement 
array may be bent into a spherical or semispherical surface 
(desirably corresponding to the wearer’s head), with the 
upper surfaces of the elements in contact with the inner 
surface of the helmet. 

[0156] In various embodiments, a helmet or other article 
of protective clothing could incorporate perforations and/or 
openings on an inner surface of the helmet or protective 
clothing and/or have a grid frame affixed to the inner surface. 
The openings provided in a grid-like or other pattern may 
desirably be sized and/or configured for attaching the vari- 
ous impact absorbing structures therein. Alternatively, an 
inner shell or other insert 3200 (See FIGS. 32A and 32B) 
could be provided that is positioned within and/or adjacent 
to the outer helmet shell, with the inner shell having open- 
ings, spaces, depressions and/or voids 3210, 3220 formed 
therein. In use, the inner shell could be attached to the outer 
shell (which could include permanent as well as non- 
permanent fixation to the out shell, if desired), with one or 
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more impact absorbing arrays attached to the inner shell, 
with the array(s) comprising a plurality of open and/or 
closed hexagonal elements, the elements including features 
for connecting to one or more of the openings or depressions 
of the inner shell. If desired, the impact absorbing array(s) 
could comprise a composite or multi-layered array including 
open and/or closed polygonal impact absorbing elements 
layered with a foam layer and/or a covering sheet (1.e., a thin 
fabric layer), with the multi-layered array fitting into place 
into one or more of the openings in the inner shell of the 
helmet. 

[0157] In various embodiments, the inner shell could be 
customized and/or particularized for a specific helmet 
design, which could include the ability to retrofit an existing 
protective helmet by removing existing pads and/or cush- 
ioning material and replacing some or all of them with an 
inner shell and appropriate impact absorbing arrays, as 
described herein. If desired, the customized inner shell could 
include modularly replaceable arrays of different sized, 
designs and/or thicknesses, which could include foam and/or 
fabric coverings for wearer comfort. 


[0158] In at least one alternative design, the openings in 
the inner shell could be relatively small, circular openings 
formed in a regular or irregular array, such as in a colander- 
like arrangement, whereby the modular or segmented arrays 
and/or pads could include plugs or grommets sized and/or 
shaped to fit within the openings for securement to the inner 
shell. This arrangement could allow the arrays/pads to be 
secured the various locations and/or orientations within the 
helmet, desirably accommodating a wide variety of head 
shapes and/or sizes as well as providing improved comfort 
and/or safety to the wearer. 

[0159] FIGS. 31A and 31B depict a side plan and lower 
perspective view, respectively, of one embodiment of a 
protective helmet 3100 including impact absorbing arrays 
3110, 3120 and 3130 incorporating hexagonal elements, as 
described herein. In this embodiment, three impact absorb- 
ing arrays are provided, a front or brow array 3110, a crown 
or peak array 3120 and a rear or back array 3130. While not 
depicted here, additional arrays could be provided in the 
helmet, such as side arrays (not shown) located near the ears 
and/or temples of the wearer. Each segmented array can be 
customized to desired impact zones, the protective helmet 
profile or consumer's desired shape allowing variable offset 
and/or other variable dimensions of the each hexagonal 
structures on an array. The segmented or modular arrays 
could include more traditional padding and/or cushioning 
materials such as foam pads to increase comfort and fit, if 
desired. 


[0160] FIG. 31C depicts a perspective view of the brow 
array 3110, in which an array of hexagonal impact absorbing 
elements 3115. The positioning and design of the various 
hexagonal elements can be selected to provide a desired 
orthogonal response for the array to various forces incident 
to the helmet (1.е., axial, lateral and/or torsional impacts on 
the outer helmet). If desired, the hexagonal elements in a 
single array could be of similar design, or various elements 
could incorporate differing designs in a single array, includ- 
ing variations in filament diameter and/or offset, length, wall 
thickness, wall dimensions, element orientation and/or wall 
angulation within a single element or between elements 
within the same array. Where the array is being retrofitted 
into an existing helmet design, it may be necessary to tune 
or tailor the array design such that a desired impact perfor- 
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mance is obtained (or optimized) from an array which is 
sized and configured to fit within the available space 
between the helmet and the wearer’s head. 

[0161] As best shown in FIG. 31C, the brow array 3110 is 
desirably designed to accommodate significant frontal 
impacts (as well as other impacts) to the face and brow of the 
helmet. Consequently, a series of three hexagonal elements 
3116, 3117 and 3118 are aligned and positioned in close 
proximity to a front edge 3150 of the helmet 3100. During 
a frontal impact, these three elements, along with the 
remaining elements of the brow 3110 array, will desirably 
absorb, attenuate and/or ameliorate the effects of the frontal 
impact on the wearer, as described herein. 

[0162] FIG. 31D depicts the peak array 3120, which 
comprises a generally rounded and/or hemispherical array of 
hexagonal elements, with each element aligned concentri- 
cally around a centroid of the array. This design is desirably 
selected to provide significant impact protection to the top of 
the wearer’s head, as well as provide support for other 
impacts to other locations of the helmet. 

[0163] FIG. 31E depicts a back array 3130, in which a 
series of four smaller hexagonal units 3131, 3132, 3133 and 
3134 are provided proximate to a rear edge 3160 of the 
helmet, with larger hexagonal units positioned higher on the 
array. This design and arrangement for the array desirably 
optimizes performance of this array during rearward impacts 
on the helmet, such as when the user may fall backwards and 
strike their back (and the back of their head) on snow, ice or 
other obstructions during snowboarding and/or skiing. 
[0164] Retrofitting Existing Designs 

[0165] In various embodiments, impact absorbing arrays 
incorporating open and/or closed polygonal elements can be 
retrofitted into an existing helmet design that may require a 
low offset, such as a protective military combat helmet 
and/or a sports snowboard helmet. 

[0166] For military applications, it is often desirous for a 
protective helmet design to be optimized for protecting the 
wearer from impacts from small, high velocity objects such 
as bullets and shell fragments (1.е., moving objects hitting 
the user) as well as provide protection from “slower” 
impacts such as a user's fall from a vehicle. Military helmets 
typically include an extremely hard and durable outer shell, 
and the size of the helmet is desirably as close as possible to 
the size of the wearer's head (allowing for the presence of 
the cushioning and/or padding material between the wear- 
er's skull and the helmet's inner surface). 

[0167] The offset available for accommodating the impact 
absorbing layer in a military helmet can be relatively low, 
with offsets of less than 1 inch being common. In various 
embodiments, impact absorbing layers incorporating open 
and/or closed polygonal elements for military helmet appli- 
cations can have offsets at or between 0.4 inches to 0.9 
inches, with filament diameters of between 3 and 4 milli- 
meters and lateral wall thicknesses of 1 millimeter or greater. 
[0168] In at least one exemplary embodiment, a protective 
helmet for a military, law enforcement, combat and/or other 
application could comprise an array or pad comprising 
approximately 0.5 inches high hexagonal polymeric struc- 
tures with an underlying 0.25 inch thick comfort layer of 
foam padding. The polymeric layer could be attached to a 
thin plastic face sheet (1.е., a lower face sheet) that could 
help distribute force to the comfort layer and/or the wearer's 
head. In this embodiment, the filament column diameter 
could range from 0.09 inches to 0.10 inches (inclusive), with 
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a connecting wall thickness ranging from 0.03 inches to 0.05 
inches (inclusive). The individual hexagonal structures in 
the polymeric layer could be tapered (see FIG. 33), such that 
the cross-section at the base (ie. where the structure 
attaches to the face sheet) has a larger profile than the 
corresponding profile along a top section of the structure. In 
various embodiments, the taper angle 0 can be approxi- 
mately 15 degrees, although in other alternative embodi- 
ments the taper angle could range from О degrees to 15 
degrees (inclusive), while in still further embodiments the 
taper angle can range from 3 degrees to 5 degrees to 10 
degrees to 20 degrees or greater (inclusive). 

[0169] In various embodiments, a hexagonal structures 
will desirably incorporate upper ridges or flanges (see FIG. 
27A) at the top of each hexagonal structure to aid in 
structural stability and/or increase stiffness of the structure 
(see also FIGS. 28F and 29A). The array or pad can 
desirably comprise thermoplastic and/or thermoset materi- 
als. If desired, thermoset materials can be utilized to meet 
and/or high-temperature requirements, as these types of 
materials are typically less sensitive to temperature effects. 
[0170] In various embodiments, the individual hexagonal 
structures can be linked together with a face sheet, a 
perforated face sheet and/or a face sheet webbing the desir- 
ably provides flexibility to the pad as well as provides proper 
spacing of the filament structures. Where desired, the face 
sheet can provide a surface for adhering the pad structures 
to a thin plastic layer. 

[0171] In various embodiments, the pads and/or structures 
therein can be molded, cast, extruded and/or otherwise 
manufactured in in a flat configuration, and then bent or 
otherwise flexed to matching and/or be attached to a curved 
surface such as a curved load-spreading layer and/or inner 
helmet surface, or otherwise manipulated to match helmet 
curvature. Alternatively, the pads and/or structures therein 
could be created in a curved or other configuration, and then 
flattened to accommodate a desired environment of use. 


[0172] In various embodiments, the hexagonal structures 
can be spaced differently in different locations of the helmet 
or other protective clothing. For example, hexagonal struc- 
tures can be spaced sparsely in various locations to maxi- 
mize collapsibility of the pads, such as proximate to areas of 
lowest offset within the helmet (1.е., at the front edge of the 
helmet and/or near the rear and/or nape locations). In other 
areas of the helmet, including areas with higher available 
offsets, more densely packed hexagonal structures may be 
placed to desirably absorb and/or ameliorate impact forces 
to a greater degree. Desirably, the hexagonal structures can 
be strategically placed to match location-specific require- 
ments, including anticipated impact zones and/or directions. 
For example, FIGS. 26F and 26G depict one exemplary 
embodiment of an array having three evenly spaced buck- 
ling structures along a left edge of the array, which could 
correspond to a front edge 3310 and/or rear portion 3320 or 
other edge of a helmet 3300 (see FIG. 34). For example, the 
three hexagonal structures of FIG. 26F could be positioned 
along the front edge 3310 of the helmet, with plenty of “dead 
space" or open areas between the structures to allow for 
significant deformation and/or collapse. 

[0173] If desired, the comfort layer can comprise an open 
cell foam and/or a silicone foam. Desirably, silicone foams 
are less temperature sensitive than viscoelastic polyurethane 
foams, although both types of foams could be utilized for 
various applications. 
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[0174] For sports applications such as skiing and snow- 
boarding, protective helmets are typically larger than their 
military counterparts, with the impact protection typically 
designed to protect a moving user from impact with station- 
ary objects and/or other skiers. In addition, sport helmets are 
often very lightweight, so a replacement array design should 
also minimize additional weight for the helmet. 

[0175] The offset available for accommodating the impact 
absorbing layer in a sports helmet can be 1 inch or greater, 
but offsets of less than 1 inch are increasingly common in 
some designs. In various embodiments, impact absorbing 
layers incorporating open and/or closed polygonal elements 
for sports applications can have offsets at or between 0.6 
inches to 0.9 inches or greater, with filament diameters of 
between 3 and 4 millimeters and lateral wall thicknesses of 
1 millimeter or greater. In various embodiments, the column 
diameter can range from 0.1 inch to 0.175 inches (inclusive) 
in some or all array elements and pads, with connecting wall 
thicknesses approximating 0.03 inches to 0.04 inches (inclu- 
sive). The individual hexagonal elements can be linked 
together using a face sheet webbing that is pierced, which 
desirably provides flexibility within the array as well as 
proper spacing of the structures. If desired, the face sheet 
and/or webbing could provide a surface for adhering pads or 
other components to a thin plastic layer. In various embodi- 
ments, one or more pads can be incorporated with the reflex 
player, with the pad(s) located and/or positioned within an 
expanded polystyrene foam (EPS) frame of varying density 
that lies adjacent to the pad structures. 

[0176] In creating a replacement array, the existing liner 
from the commercially available helmet may be removed, 
allowing measurements to be recorded of the interior profile. 
All specifications (e.g., mechanical characteristics, behav- 
ioral characteristics, the impact zones, fit and/or aesthetics) 
may be considered in customizing a full array or a modular 
array. The full or modular array may be further assembled to 
incorporate foam padding to improve fit, rotation and/or 
absorption of sweat and skin oils. The full or modular array 
assembly can be permanently affixed or removably con- 
nected to be washable or easily replaced. 

[0177] Although described throughout with respect to a 
helmet or similar item, the impact absorbing structures 
described herein may be applied with other garments such as 
padding, braces, and protectors for various joints and bones, 
as well as non-protective garment and non-garment appli- 
cations. 

[0178] While many of the embodiments are described 
herein as constructed of polymers or other plastic and/or 
elastic materials, it should be understood that any materials 
known in the art could be used for any of the devices, 
systems and/or methods described in the foregoing embodi- 
ments, for example including, but not limited to metal, metal 
alloys, combinations of metals, plastic, polyethylene, ceram- 
ics, cross-linked polyethylene’s or polymers or plastics, and 
natural or man-made materials. In addition, the various 
materials disclosed herein could comprise composite mate- 
rials, as well as coatings thereon. 

[0179] Additional Configuration Considerations 

[0180] The foregoing description of the embodiments of 
the disclosure has been presented for the purpose of illus- 
tration; it is not intended to be exhaustive or to limit the 
disclosure to the precise forms disclosed. Persons skilled in 
the relevant art can appreciate that many modifications and 
variations are possible in light of the above disclosure. The 
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invention may be embodied in other specific forms without 
departing from the spirit or essential characteristics thereof. 
The foregoing embodiments are therefore to be considered 
in all respects illustrative rather than limiting on the inven- 
tion described herein. The scope of the invention is thus 
intended to include all changes that come within the mean- 
ing and range of equivalency of the descriptions provided 
herein. 

[0181] Many of the aspects and advantages of the present 
invention may be more clearly understood and appreciated 
by reference to the accompanying drawings. The accompa- 
nying drawings are incorporated herein and form a part of 
the specification, illustrating embodiments of the present 
invention and together with the description, disclose the 
principles of the invention. Although the foregoing inven- 
tion has been described in some detail by way of illustration 
and example for purposes of clarity of understanding, it will 
be readily apparent to those of ordinary skill in the art in 
light of the teachings of this invention that certain changes 
and modifications may be made thereto without departing 
from the spirit or scope of the disclosure herein. 

[0182] The language used in the specification has been 
principally selected for readability and instructional pur- 
poses, and it may not have been selected to delineate or 
circumscribe the inventive subject matter. It is therefore 
intended that the scope of the disclosure be limited not by 
this detailed description, but rather by any claims that issue 
on an application based hereon. Accordingly, the disclosed 
embodiments are intended to be illustrative, but not limiting, 
of the scope of the disclosure. 


Incorporation by Reference 


[0183] The entire disclosure of each of the publications, 
patent documents, and other references referred to herein is 
incorporated herein by reference in its entirety for all pur- 
poses to the same extent as if each individual source were 
individually denoted as being incorporated by reference. 

1. A helmet comprising: 

an outer shell, the outer shell having an inner surface; and 

a plurality of impact absorbing structures, each of the 

plurality of impact absorbing structures comprises a 
base filament and a plurality of branched filaments, the 
base filament comprising a first end and a second end, 
the plurality of branched filaments extending away 
from the base filament at a plurality of angles along a 
length of the base filament. 

2. The helmet of claim 1, wherein the helmet further 
comprises an inner shell, the plurality of impact absorbing 
structures disposed between the outer shell and the inner 
shell. 

3. The helmet of claim 1, wherein the plurality of angles 
comprises a range of 30 degrees to 120 degrees. 

4. The helmet of claim 1, wherein the plurality of angles 
comprises orthogonal. 

5. The helmet of claim 1, wherein the first end of the base 
filament secured to inner surface of the outer shell. 

6. The helmet of claim 2, wherein the second end to the 
base filament is secured to the inner shell. 

7. The helmet of claim 1, wherein the plurality of the 
impact absorbing structures comprises an elastomeric mate- 
rial. 

8. The helmet of claim 7, wherein the elastomeric material 
comprises an open cell or closed cell foam. 
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9. The helmet of claim 1, wherein each of the plurality of 
angles are the same or different angles. 

10. An impact absorbing structure comprising: 

a first concentric surface; 

a second concentric surface; and 

a plurality of impact absorbing structures, the plurality of 

impact absorbing structures disposed between the first 
and second concentric surface, each of the plurality of 
impact absorbing structures comprises a base column 
and a plurality of branched columns, the base column 
comprising a first end and a second end, each of the 
plurality of branched columns intersecting with the 
base column at a plurality of angles. 

11. The impact absorbing structure of claim 10, wherein 
the first end of the base column is coupled first concentric 
surface. 

12. The impact absorbing structure of claim 10, wherein 
the first end of the base column is coupled to the first 
concentric surface and the second end of the base column is 
coupled to the second concentric surface. 

13. The impact absorbing structure of claim 10, wherein 
at least one end of the plurality of branched columns is 
coupled to the first or second concentric surface. 
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14. The impact absorbing structure of claim 10, wherein 
the plurality of angles comprises a range of 30 degrees to 
120 degrees. 


15. The impact absorbing structure of claim 10, wherein 
the plurality of angles comprises orthogonal. 


16. The impact absorbing structure of claim 10, wherein 
the base column or the plurality of branched columns 
comprises a circular cross-section. 


17. The impact absorbing structure of claim 10, wherein 
the plurality of impact absorbing structures comprises an 
elastomeric material. 


18. The impact absorbing structures of claim 17, wherein 
the elastomeric material comprises an open cell or closed 
cell foam. 


19. The impact absorbing structures of claim 10, wherein 
each of the plurality of angles are the same or different 
angles. 


20. The impact absorbing structures of claim 10, wherein 
the base column comprises a length and a width, the length 
being greater than its width. 
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